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Ik SURGERY IS TO THRIVE 
RicHarD L. Varco, M.D.,* MINNEAPOLIS, MINN. 


URGEONS of this mid-century have been the recipients of considerable 

public commendation for their accomplishments. It would be easy, there- 
fore, to adopt an attitude of satisfaction about the number and magnitude of 
any advancements which have been made. Too, a ringing note of Pollyanna-like 
goodwill minimizing the controversial aspects of surgery would be as pleasant 
for all of us to take as the froth in meringue, and about as empty of real 
nourishment. The truth is that only on superficial consideration does it appear 
that there is little need for concern about current and future progress in this 
field. On the contrary, with deeper study, a number of doubts and reservations 
arise. There is an obvious example of the latter before us almost daily. We 
can easily lose our perspective while reading the average American newspaper 
report of a ‘“‘brilliant’’ new surgical technique. The press is distressingly 
addicted to glamorizing these medical goings on. Their ill-concealed purpose 
is to arouse the public’s interest, that is, to sell more newspapers. As a conse- 
quence, readers have their hopes unduly leavened, to be subsequently dashed 
by these examples of premature peeping and publishing. In an assay of all 
this glittering publicity, the number of truly significant surgical contributions 
is scarcely overwhelming. 

Now I hope the proposals to follow will not be dismissed as merely the 
carping of an obligate speaker to his captive audience. Also, I trust that my 
attitude will not be construed as truculent. Any alienation thereby of others 
with an equally sincere concern will surely disrupt efforts better united in 
search of a remedy. On the other hand, if these points of contention are 
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germane, and if all persons were to refrain from presenting them in order to 
avoid irritating certain special interests, our surgical scientific growth would 
inevitably lag. But, within this framework one can seek to apply that highly 
effective emollient, the mutually acceptable compromise, to those inflamed 
emotions. Nevertheless if avoidable mistakes can be demonstrated to exist, 
they are likely to be perpetuated until effective countermeasures are taken. 
Recognition is certainly a prerequisite to developing the cure. Moreover, it is 
an American tradition that carefully reasoned opinions, bulwarked by facts, 
merit periodic airing to provoke public thinking and discussion. 

This is the disturbing thought: Is not progress in the field of surgery sub- 
stantially slower than it need be? To resolve this proposition let us apply 
two time-tested methods of reasoning: What is meant? What is the evi- 
dence? The areas to be examined at this time for evidence are premedicine, 
undergraduate medicine, and the residency program. Some reactions of estab- 
lished surgeons to any qualified newcomer will also be serutinized for their 
effects on surgical progress. 


THE PREMEDICAL STUDENT 


There are two initial factors, inadequate counseling and high cost of medical 
training, which are currently acting to create a future shortage of potential 
leaders in American surgery. Adequate counseling is not uniformly available; 
the cost of medicine is more than every qualified student can afford. This is 
unfortunate since the rising demand for talented persons will even more quickly 
exhaust the limited supply, a reserve that can only be re-created slowly after 
years of preparation. Consequently any future limitation on the number of 
worthy eandidates for postdoctoral training has its genesis in the under- 
graduate years. 

First, direct student counseling from persons active in the medical pro- 
fession is rare or unobtainable by either the potential or actual premedical 
applicant. Customarily, his vocational guidance is provided by an appointee 
with little or no direct connection with the medical school, its problems, and pro- 
fessional ambitions. This adviser is unlikely to have deep and abiding interests 
in medicine’s destiny. Obviously then, many a sound person, with but an in- 
clination toward medicine, will abandon the idea. It is fair to say that additional 
numbers of medical students each year drift into their medical future. Others 
reach this destination guided only by casual conversational inquiry with some 
medical friend of the family. Why should we continue to depend on such 
fortuitous influences? Direct advisory contacts between potential premedies 
and the medical faculty would inevitably strengthen the quality of medical 
admission lists. The stimulating challenge of medicine is infrequently pre- 
sented to high school graduating classes. Now these sentiments can scarcely 
qualify as a divine revelation. Therefore, it follows that the over-all medical 
attitude toward this problem has at best been uninspired, if not actually 
lackadaisical. 

Second, our profession has probably already been priced out of range for 
many an otherwise qualified individual. On the other hand, it is just as certain 
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that scholarliness and ambition are not determined by a parent’s income. When 
we disregard the validity of this analysis we dissipate the nation’s most valuable 
asset, the human mind. We continue to squander it as long as we fail, because 
of the dollars involved, to guide these talented individuals toward their most 
effective role in our society. This financial story, its poignancies, frustrations, 
consequences, as well as possible solutions would appear worthy of a future 
presidential address. 


THE UNDERGRADUATE STUDENT 


Despite the above handicaps, thanks to strenuous elimination bouts during 
a lengthy educational program, a substantial fraction of each medical class is 
composed of highly endowed and deeply motivated men. Nowadays, the over- 
all excellence of many persons in each entering freshman class is impressive. 
They have felt keenly their competition, they thirst for knowledge in the new 
field, and their attitude reflects this healthy challenge. With well-informed 
assistance, wise guidance, and the stimulus of example, they mature rapidly 
and well. It is in the manner of teaching them that pedagogical disagreements 
arise. Some faculties rely on concentrated didacticism to talk the subject 
into the student’s mind. This approach is at times supplemented with dehy- 
drated digest-outlines. A familiarity with their contents purportedly provides 
the student with a foundation on which to add future blocks of knowledge. 
On the other hand, unless the student has been encouraged to consult the 
original sources for contemporary practices, he is unfamiliar with relevant 
bibliographies. Moreover, his sense of discrimination is stunted. He has come 
to rely on this mental pap, force fed into him with all the vigor necessary to 
bring an intellectual Strasbourg goose to market. With his critical thinking 
regularly done by others, our student never acquires a working familiarity 
with the art and science of education. Only from sound beginnings devoted 
to aequiring a self-sufficiency in learning techniques can he utimately hope to 
acquire knowledge and, perhaps, in time, wisdom. The medical counterpart, 
like the overfed French fowl, will look in vain to a future life amid green 
pastures. His fate will be to live in an intellectual wasteland littered with 
much information and secant knowledge. If a person is to read and think 
critically in later life, these habits must be initiated and fostered during the 
formative years. The lack of them in a physician has profound consequences. 
A man ean graduate with a vast amount of information about modern medical 
practice; yet, if he is not habituated to studying and reasoning critically 
throughout his professional life, the quality of his practice steadily deteriorates. 
Mediocrity creeps upon him. ‘‘Detail men’’ are allowed to dominate his post- 
graduate education and pharmaceutical houses build his library. 


THE SURGICAL RESIDENCY PROGRAM 


Manifestly, a critique of surgery today must examine regimes under which 
surgical residents train. This becomes a prime consideration because any plan 
to accelerate surgical progress is necessarily geared to the number and to 
the quality of men developed. Much has been written already about surgical 
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residency training programs. In fact, the broad pattern for various institu- 
tions, with numerous essential features in common, has become established 
and accepted during years past. Ready and widespread agreement can there- 
fore be found concerning many phases of the appointee’s activities. It is 
generally acknowledged that this man with a future should be provided with 
gradually increasing authority and responsibility. 

There is less than universal accord, however, about his preceptor’s con- 
comitant obligation to protect the candidate from an excessive service patient 
load. The attractions of the operating room are dazzling for the neophyte. 
Despite warnings, unless shielded from them, he can become a victim to these 
appetites of youth. Provision should be made from the earliest aspects of his 
training for adequate time with which to contemplate and establish the proper 
mental balance on controversial medical issues. Moreover, if continuously 
overwhelmed by technical tasks, he is unlikely to indulge in creative think- 
ing. I recognize that this appeal to limit the hours spent in the operating room 
will be construed as an innovation and fundamental departure from the inten- 
sive clinical training which is the basis of many programs. I emphasize, how- 
ever, that this plea for lightening the overwhelming operative schedule imposed 
on many residents is not synonymous to me with a half-time traineeship. It 
will remain a Spartan program, as any wife of a physician in that type of 
training ean pithily testify. 

The candidate who succeeds to the rewards of senior resideney should 
have satisfactorily completed the three phases of technical apprenticeship. 
First, he has been taught to function efficiently as assistant to the surgeon, 
while the latter demonstrates the application of surgical principles and practice 
during dozens of operative procedures. Second, once he has aequired the 
hallmarks of maturity, he must be able to display in review these earlier lessons 
while the teacher now assumes the role of technical assistant, but remains 
available as critic and consultant. Third, having earned his privileges as a 
senior resident, he must shed these supports. He assumes the responsibility 
of surgeon, and thereafter completes a representative number and variety of 
major operations. It is understandable that all the thrills derived from these 
solo moments are not felt by the fledgling alone. 

During these years, it is assumed that our man will acquire a broad 
familiarity with clinical methods and differential diagnoses. These skills he 
combines with sound pre- and postoperative care. Our worthy trainee thus 
builds breadth and depth into his surgical judgment. Also, this ability grows 
in proportion to the keenness of his observations while gathering experience. 
To all this he adds another essential ingredient: an increasingly workable 
aequaintanceship with medieal literature. It is expected, too, that his sponsors 
will have brought him through this training confirmed to practice with the 
highest standard of ethies. We expect that his patients will find him sym- 
pathetic to their problems; that he will apply the art as well as the science 


to medicine. 
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There is a trail he should be discouraged from following. It is the endless 
quest in medical archives for the ultimate fragment of information about 
some topic currently of interest. Surrounded by his growing stack of refer- 
ences, the chase can become more important than the quarry. Unwisely, in- 
evitably, the time available for critical thinking about the problem is 
curtailed. This relentless seeker for the last shred of opinion might be com- 
pared to a do-it-yourself carpenter who is always on the lookout for one more 
tool to add to a shop already cluttered with unused equipment, and meanwhile, 
our man postpones indefinitely his repair job. 

With all of these attributes, and after years of training, it is safe to assume 
that men finishing this program or a comparable residency will practice in a 
superior fashion. There is certainly a great need for this type of individual 
in almost any reasonable sized community. Let us hope that he will continue 
to seek these localities in which to carry on an enlightened brand of surgery 
and to elevate thereby the level of surgical skill throughout our country. 

Throughout successive years of practice he is likely to become more facile 
technically and more astute in his clinical judgments. Valuable as these addi- 
tions are, however, they remain but relatively minor refinements to his previous 
surgical capacities. With only this background, the prospect that this man 
will add major contributions to surgical knowledge is remote, if not categorically 
denied by the years during which his investigative instincts were dormant. 
Though he may practice well with what he knows, is it not likely that his zeal 
and capacity for original thinking have become atrophied by disuse? I submit 
that surgery does not, cannot, thrive under a regime which omits an emphasis 
on research. Such an approach to the training of future surgeons, as an exclu- 
sive or featured program in any institution, is lusterless. For the benefit of 
society as well as surgeons we need, therefore, a dynamic, ongoing, surgical 
training program which stresses the creative thinker and his research. The 
wholehearted application of this concept would certainly represent a funda- 
mental change in the residency plan at a number of well-known institutions 
in this country. And fundamental change has not occurred in some of them 
for years. Just how many stains can the old school-tie have before a cleaning 
is in order? The heaviest resistance to new ideas in these places has uniformly 
come from the presence within their dominated staff of a strong group favoring 
the status quo. That coalition is composed largely of the selfish, the timid, 
and the statically conservative. 


THE TRIUMVIRATE 


The first category, the selfish, willingly seek personal acclaim at the ex- 
pense of virtually anonymous (or casually identified) younger associates who 
provide grist for their frequent publications. This type of ego demands the 
cream of clinical material to fatten itself on a long series of cases. The more 
voluminous this list becomes, the greater grows the intellectual paunch. Like 
all forms of obesity it is unhealthy and a poor substitute for mental muscles 
acquired by thinking. These selfish men act from an insecure personality and 
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an foretaste medical oblivion. They could profitably re-examine the doctrine 
of diminishing renown. Those with genuine greatness in their make-up prac- 
tice otherwise. They build opportunity for young men and as a direct conse- 
quence their own stature realizes a continuing growth through the accom- 
plishments and recognition accorded those generations they have guided, 
assisted, and endorsed. Perceive Halsted. His pearl continues to enhance 
it’s luster and size from the deeds of his men and their students, while those 
surgical monoliths of the same era have inevitably crumbled under the relent- 
less erosions of time. 

The second group, the timid, deserve our sympathy in this turbulence 
that is surgery. Perhaps the available academic backwaters provide com- 
fortable surroundings for them. In the aggregate they frequently are more 
interested in the protocol of criticism than in the relevance or validity of a 
proposed change. They excel as polished stylists of committeemanship. These 
men ean be relied upon by fellow members in status quo to assure us: 


>] 


‘‘Our problems are different .. .’ 
‘*We are giving the matter our full and serious attention... 


39 


‘*Everything possible is being done.. .’’ 


Minally, unless an amendment can be brought about ‘‘through channels,’’ 
without provoking anyone (and how few stimulating ideas can), they prefer 
to have the whole plan shelved and decision defaulted. 

The third aggregation, the statically conservative obstructionists, can be 
distinguished from the dynamically conservative ones. The latter are sus- 
ceptible to persuasion despite an instinctive hesitancy toward the prompt 
adoption of even a promising new concept. The former, on the other hand, are 
chronically addicted to the application of emotion rather than reason to 
settling issues in the arena of public disagreement. This is particularly ap- 
parent whenever a break with tradition is involved. Another characteristic 
is a proneness to ooze complacency after perennially conducted comparison- 
surveys of the past and the present reveal a continuing improvement in surgical 
therapy. I ask of them, ‘‘How did we bring about this better record?’’ In- 
variably they have disregarded the fact that this scene, appearing so tranquil 
to the statically conservative viewers of today, provided their predecessors 
of a generation ago with many an opportunity for rhetorical tempest. During 
each forensic storm they would be consumed by alarm at the unwarranted 
dangers of so radically changing the surgical treatment. As it is, after forty 
years the arguments are only slowly dying out between the advocates of the 
one- and the two-stage surgical treatment for an esophageal diverticulum. 
Proponents and adversaries from both sides have met via print and on the plat- 
form during endless controversy. Neither has yielded until recently. Debate 
may be proper though regrettably little is resolved by this device. The prin- 
cipal disturbing features which characterize the statically conservative per- 
son’s approach to each proposed change are both his lack of objectivity and 
his unwillingness to examine the evidence. They learn so slowly from the 








Yahose IF SURGERY IS TO THRIVE 7 
past of our logical need for a dynamic viewpoint. Assuredly, this is not to con- 
fuse all change with progress, but it is to emphasize that without the former, 
we cannot have the latter. 

This triumvirate of the selfish, the timid, and the statically conservative 
suffer, therefore, both from a paucity of new ideas and from a fear of them. 
Which is the graver indictment I know not. Their anxiety breeds their 
suspicions of those with ideas. To this mistrust they react and thus brand 
themselves with the obstructionist’s stigmata. The gauge of man’s real and 
great destiny surely must go far beyond that limited horizon of the selfish, the 
timid, and the statically conservative. We hunger for more, and this appetite 
cannot forever be satiated through access to the best fare available today. 
Nor is it correctable by the consumption of extra portions of the yesterdays. 
This nutritional need must be met with new food for thought. 


THE FLEXIBLE AND CREATIVE MIND 


There is another major influence hampering our progress. Essentially 
this is the cult of conformism and its objective is to raise more persons to the 
level of scientific mediocrity. He who isn’t, and won’t be, a conformist must 
be penalized, of course. He must be deterred from lifting his gaze off the 
beaten path to sean the horizon. I disagree vigorously. To me a prime objec- 
tive to be strived for in the training of a surgeon is the cultivation within the 
individual of a flexible mind. The prevailing tendency of some programs is 
to destroy the youth’s native malleability of intellect. His reason becomes a 
captive of dogma, aphorisms, arbitrary precept, and the unthinking invocation 
of tradition-raddled and antiquated practices. He is deformed into conformity. 
This emphasis on conformity is inevitably purchased at the price of stereo- 
typing the man’s thinking. The spark of creativity is rarely kindled within 
the conformist. Therefore, those who insist on utter conventionality in their 
men without regard to the individual’s latent talents, waste a great natural 
resource, the creative mind. Those places where these techniques are obliga- 
tory then become citadels of mediocrity inhabited by hypnotized incense 
swingers. With amazement, our historians will record these examples for 
posterity. 

We urgently need more academic areas wherein the imaginative person 
ean find freedom for his roaming mind to think creatively. The semantics of 
polite medical inquiry are easily garbled; however, I believe we should call 
this man a nonconformist if we are to remain consistent with the concept pro- 
posed above for a conformist. He (the nonconformist) can be depended upon 
not to refrain from offering disquieting controversial comments or probing 
trenchantly our tender areas of ignorance. By definition, he is both provoea- 
tive in any discussion of current problems and a continuing producer of new 
knowledge for the critical comments of others. His decisions are derived from 
the application of the scientific method in the laboratory and at the bedside. 
We need more of these enthusiastic, capable, deeply motivated young men in 
research. They weave the threads of evidence into the warp of reason and the 
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woof of truth to create knowledge as the fabric. On the other hand, in these 
institutions where research laboratories remain empty, or largely deserted, the 
training program also will have a hollow ring. Those in command who are 
responsible for this development have lost faith in the great research oppor- 
tunity available to surgeons. To improve for man the future, by the device 
of mind, is to sip of heady wine. 

Yes, our nonconformist is often an ‘‘unecomfortable’’ person. 
find though that he is a productive person, and not merely a gadfly, then he 
deserves a sympathetic and understanding counselor during his restive inter- 
ludes. At times he may be intemperately vehement in support of his view. He 
may be addicted to brashness, but this youthful enthusiasm is the very same 
foree leading him so vigorously forward scientifically. Why quench the 
youth’s flaming spirit? Time and his unsympathetic colleagues will do it fast 
enough. Moreover, it is unnecessary and probably unwise, when not solicited, 
to intervene in his day-to-day research or other problems. Direction should 
fall like a gentle rein on his enthusiasms. We can therefore choose between the 
comfortable, complacent conformist and the dissatisfied, challenging, critical 
man with ideas and enthusiasms, our noneonformist. Yet, if new appointments 
or promotions are unavailable to him and he is therewith in effect rejected, we 
surely add one more link to the chain of events shackling man’s progress. In 
arriving at this decision to advance or to by-pass this man, it should be recalled 
that great expectations are rarely realized by anybody comfortably settled on 
the cushions of conformity. 


When we 


THE SCIENTIFIC METHOD 


Any really worth-while trainee deserves careful indoctrination into the 
scientific method. This can be brought about in several ways. An excellent 
approach, because of the close interplay between these basic disciplines and 
surgery, comes with an opportunity to work free of surgical commitment, full 
time at teaching and research, in a department of physiology, biochemistry, 
or bacteriology. Through sustained contact this association with the basic 
aspects of biology has profound and stimulating effects, as well as broadening 
influences. Research and teaching relationships, both with the undergraduate 
students and with established investigators, condition the surgical trainee to 
the demanding discipline of the scientific method. His daily work is permeated 
by that influence. He learns the value of the accepted techniques for con- 
trolled experiments, of accuracy in recording and observation. The design 
of critical experiments, to reason from data, to analyze results, are practiced 
under the helpful, critical guidance of career scientists. The man’s scientific 
stature, scholarliness, and creativity are fostered. 

This worthy individual particularly deserves financial assistance during 
Often his apprenticeship has been lengthened beyond the 


his traineeship. 
If we are to avoid undesirable social consequences 


minimum requirements. 
through an unjust penalizing of his family, revenues in excess of the customary 
fellowship stipend must be found. It is eloquent testimony to the scientific 








Liteon IF SURGERY IS TO THRIVE 9g 
dedication of these men that, save for mild and sporadie protests about their 
low income, they continue in spite of monetary hardships to direct their 
greatest energies medically. Society has long enjoyed enormous financial 
savings by obtaining skilled professional patient care at the price of penny- 
pinching salaries. These wage earners have frequently had years of post- 
doctoral training and must often assume the responsibilities for life or death 
decisions. But, save for a limited number of stipends from federal sources and 
from national philanthropic organizations, a living wage worthy of that mean- 
ing is almost unobtainable by residents in recognized training centers. This 
situation imposes a severe contraction of income on these men because of their 
search for knowledge. Few trainees can afford this existence without some 
variant of outside financial help. In many instances their sacrifices require 
the assumption of considerable personal debt. Once again our attitude toward 
fiscal matters is unrealistic. This time we are pricing qualified but impecunious 
men out of the post-doctoral ranks. Among the hundreds of millions spent 
yearly to improve the health of the nation, we sorely need to have a greater 
segment of it earmarked for financial assistance to our residents. Theirs is a 
moral right to live a more normal home life, less heavily burdened by debt and 
with greater freedom to establish their family as they desire. These first-class 
citizens have had shabby treatment by all who have perpetuated this anachro- 
nism. For those pragmatists at the purse strings, if they would remove (or 
at least lower) this financial barrier it would heighten competition for residency 
appointments, and thereby increase the number and the quality of trained 
surgeons. 
THE RESIDENCY SUMMARIZED 


What all told is a residency? At best it is many things to many people. The 
major structural aspects of the residency are easily described. This I have al- 
ready attempted. However, it is those nuances which are awkward to phrase. 
On the other hand, the most vital ingredient and its source is easy to identify. 
Animation is provided, or withheld from, any training program by the power for 
this endowment possessed by the Departmental Chairman, Chief of Surgery, 
Surgeon-in-Chief, or whatever local title this man earries. In this regard, from 
personal knowledge and legend, few men have so effectively vivified their train- 
ing program as Owen H. Wangensteen. I am proud of the privilege to have 
lived a portion of the fulgent tradition that is his. Moreover, were I endowed 
with more literate vigor this address would do better justice to the breadth of 
his thoughts and plans to insure a thriving surgery today and for the future. 
The acceptance of their soundness is spreading just as the substance of com- 
parable ideas and theories, independently conceived in widely separate institu- 
tions, is likewise winning support and favor. Time more than rhetorie will test 
their greater merit and sounder applicability. 

Meanwhile, in those areas where this concept has been adopted, the resideney 
will have sought for a reasonable balance between clinical bedside activities and 
work in the operating room, between time spent familiarizing the man with a 
particular fundamental science and with the application of this training to an 
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aroused interest in the challenge of research, between hours devoted to a better 
understanding of medical literature and periods spent laboring over the prepara- 
tion of scientific papers, between the adoption and practice of the best from our 
surgical heritage while rejecting the traditional approach if critical study re- 
veals the superiority of a new method, between sustaining the intense en- 
thusiasms of youth and mellowing commensurate with the added responsibilities 
of seniority. The trainee will have had to be a highly endowed, deeply motivated, 
mature man to complete this demanding residency, too often additionally com- 
plicated by financial problems. 


THE PRACTICAL SURGEON 


Persons opposed to the above plan have seriously contended that this type 
of program is unsound because the real need is for good general surgeons, 
practical men. They imply that time spent in research will surely weaken the 
trainee’s ultimate surgical stature. This philosophy is demonstrably prepos- 
terous. The best refutation lives in the brand of medicine practiced and the 
scientific contributions made by those fortunate enough to have trained in an 
environment emphasizing the leading roles of physiology and biochemistry and 
enriched by the stimulus of research. On the contrary, those individuals 
recommending a training program for general surgeons which encompasses the 
breadth of surgery must concede that this heavy emphasis on operative ex- 
perience will, to a corresponding degree, hamper an individual’s inclination to- 
ward investigative work. To accept their proposal therefore as the plan for 
training surgeons would be synonymous with endorsing a concept designed to 
stagnate scientific progress. I question the validity of their program as well 
on the following score: Can the proponents of this training plan seriously 
contend that their trainees are as competent to handle fractures as qualified 
orthopedists ; as versed in the problems of the intervertebral dise (and perhaps 
an inadvertently encountered spinal cord tumor) as the neurosurgeon ; as adept 
at endoscopy and transurethral manipulations (e.g., for stone) as the urologist; 
as skilled in the repair of cleft lip and palate as the reconstructive surgeon? 
Yet, all of these and other subspecialty issues were once in the domain of 
general surgery. They justifiably remain there for any man who will seriously 
interest himself in the humdrum as well as the problems unique to that phase 
of surgery. And the sound man ean maintain this special interest as part of 
his general surgery practice. Under those ideal circumstances this man can 
frequently manage such lesions better than the average subspecialist with less 
general surgical training for he has more knowledge of, and has practiced 
longer, the basie surgical principles involved. It is about this issue that our 
problem pivots, it seems to me. Men should be trained in the principles of 
general surgery. Having assimilated these through years of precept and prae- 
tice, those with subspecialty interests should be encouraged to go their deviant 
ways. This path will be determined at times by the community needs and 
facilities selected by a man for his lifetime association. As each surgeon finds 
this niche in which he ean make his most significant contribution, if worthy of 
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the name, he will devote the additional time necessary to acquiring an un- 
qualified excellence. To insist on a little of everything at the sacrifice of a 
thorough familiarity with basic considerations, is unsound pedagogy. When 
a man has been steeped in the principles of general surgery, mastery of one 
of its offshoots comes readily. This concept is supported by the current re- 
quirements for specialty qualification in neurosurgery, orthopedies, urology,* 
and thoracic surgery. Each obligates the candidate to one year or more in 


general surgery training. 
THE AMERICAN BOARD OF SURGERY 


Regrettably, this philosophy has been rejected by some part-time pedants 
and full-time petty tyrants on qualifying boards. These men, few in number 
but ranklingly effective, continue to discriminate against otherwise well- 
qualified men who have been failed because of an unfamiliarity with the 
examiner’s special interests. One examiner recently informed me with fervent 
righteousness that he had failed a man because that individual was unfamiliar 
with the fact that it was possible to divide the external sphincter in the 
management of fistula in ano. What arrant pedantry! My own memory is 
clear on a bad time given to me by an examiner dedicated to the proposition 
that all lower leg amputations must include total excision of the fibula. I was 
unsophisticated enough to question the proposition that this was a unanimously 
held viewpoint. But for the intercession of the coexaminer, as I reeall it was 
that wonderful gentleman, Dr. Thomas G. Orr, I’m confident the failing-pass- 
ing ratio would probably have taken a deeper dip that session. In the years 
since there have been many other episodes described to me by returning de- 
feated but uneconquered candidates. Often they were men worthy of certifica- 
tion by any reasonable standard ineluding unprejudiced comparisons with 
other local men who had been passed by this same board that year. It was the 
fate of these unfortunates to have come up against some medical nit-picker. 
The American Board of Surgery loses stature whenever they temporarily 
thwart these candidates through the use of examiners whose heaviest academic 
thinking is limited to rearranging their personal prejudices. 


THE NONCONFORMIST AND HIS ACADEMIC FUTURE 


Our nonconformist by nature as well as through environmental contacts 
during training can anticipate particular difficulty in reaching the top of the 
academic ladder. Although his record as scholar, teacher, surgeon, and scientist 
would appear to qualify him for departmental leadership, this top rung may 
elude his grasp. One can sense the prevailing reluctance to let this type of man 
try for it. This emotion may be understandable but, as to its wisdom? Consider 
the likely composition of a committee selected to advise a dean on the best 
candidate for a new departmental chairman in surgery. Of course, there will 
be the head of medicine, probably the pediatrician-in-chief, perhaps a gynecol- 
ogist, maybe the head radiologist, and finally, representatives from pathology, 





*Or its equivalent in a basic science. 
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anatomy, or some other basic discipline. Previous to the interviews they will 
have received reports about the man’s unconventionality (he is willing to re- 
examine the traditional for merit) his aggressiveness (he is enthusiastic) ; his 
critical and challenging nature (he has ideas, is against dogma and in favor 
of seientifie evidence). The internist feels a natural concern about losing 
beds, and future arguments, to one so forceful; likewise the pediatrician ; ditto 
the gynecologist. The radiologist can visualize requests for the institution of 
special techniques, plus heavier and better coverage by his technicians around 
the clock, and finally critical assaults on his alter ego, roentgen diagnostic 
accuracy, whenever the operative findings fail to corroborate x-ray prophecy. 
The pathologist anticipates increased demands on his department for serial 
sectioning studies, the introduction of special staining methods, and incon- 
venient requests to study and to work over special areas of the autopsy, all of 
which will delay and overload the pathology laboratory. Within this recom- 
mending group, only the physiologist and biochemist are likely to anticipate, 
without serious reservation, the academie allianee with our challenging young 
man. So widespread an alignment with conflict of interests is unique to the 
field of surgery. The resistance these men express is well-nigh involuntary. 
There is no denying that an association with this man is quite likely to be 
uncomfortable at times. Can anyone doubt how vigorously Cushing must have 
pursued many a point in dispute? Unless the committee will rise above per- 
sonalities and loosen the bonds of tradition, they will stifle progress. They 
must depart from their ruts of habit to encounter an Olympian. And, in fact, 
these ruts are more often trenches which may suffice to fight from but are woe- 
fully inadequate positions from which to view the full horizon. It is easy to 
postpone self-analysis. Had our forefathers always elected to maintain a 
static life of peace rather than seeking needed improvements despite the 
strife of change, much of this world’s current brightness would be missing. 


UNHEALTHY SURGICAL PRACTICES 


I believe that our potential rate of surgical progress has not been reached 
because it has been hampered by several other factors. There are medical com- 
munities in our country today that thwart rather than encourage the surgical 
growth of young men. National attention has been directed to the iniquitous 
practices in these areas. In localities where this occurs the involved surgeons 
have deliberately hampered the normal medical growth of a neweomer in the 
community. By fee splitting, ghost surgery, and kiting of insurance payments 
through unnecessary operations, they gain an abnormal control over surgical 
practice in that area. The citizens suffer. They do not have free access to the 
best surgical talent of the area. Under these disrupting circumstances, a ease 
for consultation is decided upon bases other than those of merit. It will be a 
catastrophic blunder if we, the many, permit the few to continue their un- 
ethical ways until an aroused public indignation regulates medicine for the 
protection of all citizens. If we do remain negligent and unwilling, medical 
control in medical matters can be forfeited. 
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Here is a test that can be applied to any city of modest size. Is a new, 
well-trained, competent, young surgeon regularly able, after a reasonable 
interval, to establish in your town a bona fide referral practice of his own? 
Does this man thereafter have ready access to hospital staffs? Can he com- 
plete his operations with the regularly available hospital staff or must the 
referring physician be allowed to scrub up? If any answer is ‘‘no’’ or a 
hesitant ‘‘yes,’’ it is only fair to wonder out loud, ‘‘why not?’’ The reason can 
hinge upon the above specified issues. These are cities awaiting a modern 
Tom Wakely to concern himself with currently unhealthy medical practices.. 

A community at large suffers also when organized medicine, and par- 
ticularly a hospital staff, rejects an opportunity to acquire a well-trained man 
dedicated to the establishment of a board-qualifying surgical training program. 
This man willingly imposes on himself geographic and financial limitations to 
his practice. Unfortunately some opponents of this sound pattern for sur- 
gical growth will continue to place selfish personal interests over public good. 
If they fail to obtain a veto of the original appointment, they continue their 
insidious maneuvering to oust the man for other than valid reasons of pro- 
fessional qualification. Naturally, within this unhealthy environment, he is 
distracted, harassed, and unable to apply his full attention to scientific work. 
Surgical progress in that area is inevitably slowed. Worst of all, enough of 
these contrived frustrations may goad him into taking his talents elsewhere. 
The citizens lose again. 

The argument has been introduced that these geographic full-time men 
exist in unfair economic competition with the other surgeons of the area. 
Although this may appear to be a plausible premise it is refuted by reasoning 
from these facts. The geographic full-time individual has a tripartite obliga- 
tion to teaching, research, and patient care. Inevitably but a minor fraction 
of his time is available for his practice. For most persons steeped in their devo- 
tion to this creed, the portion allotted to operations suffers a contraction in 
favor of the demands of the laboratory and students. The hours devoted to 
budgets, appeals for research grants, reports, fellowship documentation, ad- 
ministrative correspondence, preparation of scientific papers, research review 
conferences, and preparation of outside lectures combine to reduce further 
the time available for the operating room. Furthermore, the man worthy of a 
full-time appointment is likely to have had a better than average training. He 
is likely therefore to be better qualified professionally and intellectually than 
the average recent diplomate. It is probable that he would prove a better than 
average surgeon in the community were he to devote himself exclusively to 
his practice instead of to those combined obligations associated with his 
geographic commitment. Let those men who are concerned about the full-time 
man as a ‘‘eompetitor,’’ when he can devote but a minor fragment of his 
day to the practice of surgery, reflect: Just how many more patients would 
our man be able to see and to care for, were he freed of his consuming interest 
in research and teaching? The whole concept of individual and organized 
medical antipathy for full-time, teacher-investigator-surgeon appointees is 
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regrettable and reactionary. There can be no monetary hardship plight in- 
volved for these dissidents. Those fortunates upon whom the degree Doctor of 
Medicine has been conferred are uniformly rewarded, for reasonable efforts, in 
a generous financial manner by the grateful public practiced upon. In sum- 
mary of this point it is fair to indicate that only those individuals insecure 
by virtue of personal incompetence need view with alarm the arrival into their 
community of ambitious, well-qualified, ethical, medical newcomers. The re- 
mainder can wisely weleome them for the infusion of new ideas and vigor they 
will bring. 

We are deeply obligated to work for the betterment of surgery in one more 
very important area. I refer to the limited membership clause in most of our 
national surgical organizations. This figure was derived at a time when our 
surgical population was far smaller. Now the number of well-trained surgeons 
with scientific interests is considerably larger and steadily growing. It is un- 
fair and unrealistic to insist that these men wait patiently until annuation or 
death provides an opening on the membership rolls. If we persist in this 
attitude it will alienate worthy candidates and they will align themselves with 
less desirable associations. If they are admitted years later this needless post- 
ponement has shortened substantially their period for productive contribution 
to scientific programs. 

Few membership vacancies now exist in The Society for University Sur- 
geons. It is reasonable, therefore, to contemplate an enrollment increase by 
due process of constitutional amendment. Such liberality will rebound to our 
credit and spread the influence of The Society widely. Our principles will be 
practiced before an ever greater medical audience, and our strength will be 
proportional to our willingness to enroll these talented individuals. The yearly 
scientific program will grow in excellence fed by the brightest and most stimu- 
lating surgical work from this augmented membership. These portals should 
be open to qualified, well-identified, upcoming young men and not merely to 
the individual with an impressively long bibliography. If we are shrewd 
enough to focus attention on this promising person it should be easy to win 
his early and continued allegiance. Medical membership committees of 
national and sectional organizations appear to view the scientific youngster, 
if they deign to look at him at all, with thinly veiled distrust. Men so hyper- 
critical would examine every lotus for blight. The young candidate is made 
to feel like a transgressor and confined outside the fold until time has softened 
the committee’s hearts and the candidate’s mind. This inequity is compounded 
by apparent committee disorientation as to whether their society is a social, 
political, or scientific organization. Let us not be confused. By constitution, 
the object of The Society shall be ‘‘the advancement of the art and science of 
surgery. ...’’ The more effectively we further these objectives, so much more 
fully will we repay our obligation to the wisdom and vision of those who 
founded this group. 

All these things may be true by right of reason but wrong proleptically. 
This need not be so if we can put aside the tinsel, the sham, our less than noble 
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motives, while each tests his endowment and motivation by the limitless chal- 
lenge and opportunity within our profession. In this crusade the membership 
of The Society of University Surgeons can be a profoundly effective force when 
they ask, answer, and act upon these questions. 

If surgery is to thrive can we continue to overlook our greatest natural 
resource, the human mind? Can we ignore the financial realities of medicine 
and special training? Can we minimize the role of research and penalize the 
man with sound ideas because he breaks with tradition? Can we postpone in- 
definitely putting our surgical house of ethics in order? Can we delay weleom- 
ing those qualified and interested young men into the best organized surgical 
societies? Can provocative thoughts remain unsaid? 











CARBON BALANCE 
A CLINICAL APPROACH TO ENERGY EXCHANGE 


JOHN M. KINNEy, M.D., AND Francis D. Moore, M.D., Boston, Mass. 
(From the Department of Surgery, Harvard Medical School and the Peter Bent Brigham 


Hospital) 
INTRODUCTION 


-e EK any other machine, the human body must have a supply of energy for 
its operation. How the body obtains and utilizes energy is a fascinating 
problem of major surgical significance. The human organism is a highly 
specialized type of machine, which can utilize potential energy only in chemical 
form, and ean realize the energy primarily from a single type of chemical bond 
(the C-H bond) when found in only three specific types of organic materials, 
that is, the foodstuffs. 

Probably all living organisms, both plant and animal, contain, in the 
normal state, a certain reserve of ‘‘fuel’’ in the form of carbon compounds with 
high chemical potential from which usable energy may be released. As this 
supply is drawn upon for the various needs of the body, the energy-rich carbon 
compounds must be replenished from time to time by the capture of energy 
from the outside. It is interesting that the available foodstuffs representing 
outside sources of energy happen to be the same types of organic compounds as 
the high energy compounds which the tissues maintain as fuel reserve. The 
body ean perform the same chemical manipulations on these compounds regard- 
less of whether they arise from tissue stores or enter as food. These reactions 
are beautifully designed to cause each molecule of body fuel to release its 
energy in small controlled increments that will energize but not explode life 
processes at the cell level. 

Studies over the past two hundred years since the era of Lavoisier have 
firmly established that the utilization of energy in the body parallels the oxida- 
tion of foodstuffs. Therefore, a measurement of carbon entering and leaving 
the body should provide an index of the over-all efficiency of energy exchange 
in the body. Within recent years, intensive study has been directed toward 
understanding the intermediary pathways which the body employs to derive 
energy from foodstuffs. However, our understanding of the energy balance-sheet 
for the human body during disease and injury remains largely unaffected by 
these advances. A method of applying such a balance sheet to the surgical patient 
is presented in this paper. 

We wish to acknowledge the support for these investigations from the Milton Fund of 


Harvard University, and the U. S. Public Health Service. 


Read at the Meeting of the Society of University Surgeons, Indianapolis, Ind., Feb. 9-11, 
1956. 
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A person receiving no intake by mouth is in negative carbon balance and 
the degree of negativity is an index of the tissue destruction taking place 
merely to supply fuel. Likewise a person gaining weight by fat deposition is 
in positive carbon balance and the degree of positivity is the measure of 
potential energy being stored as fat. 

Fig. 1 presents the pathways by which carbon can enter and leave the 
body. Of the three major foodstuffs, carbohydrates may be considered as the 
‘ready energy’’ in contrast to the unique properties of fat which make it an 
efficient, anhydrous form of energy storage. Carbohydrate usually represents 
about half of the calories of the ordinary mixed diet, while fat is about a third 
and protein the remainder. From the average figures shown for composition 
and caloric content per gram, one sees that a mixed diet of 1,800 calories, 
covering the resting needs of an average person, might contribute 95 Gm. of 
carbohydrate carbon, 54 Gm. of fat carbon, and 35 Gm. of carbon from protein. 


RESTING ENERGY BALANCE 
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Fig. 1.—Pathways for carbon entering and leaving the body with values which might be 
found for an average resting individual. 


Over 90 per cent of the carbon leaving the body under normal cireum- 
stances is in the expired carbon dioxide with the remaining small amount 
divided among urine urea (3 to 4 per cent), other urine carbon compounds 
(1 to 2 per cent), and the unabsorbed food in the feces (0 to 2 per cent). 
Therefore, any approach to carbon balance requires a satisfactory method of 
measuring the carbon output in the expired carbon dioxide. 

Both the expensive and complicated room calorimeters of earlier years and 
certain laboratory methods used today by the respiratory physiologist can 
measure expired carbon dioxide. However, these approaches do not lend them- 
selves to the bedside study of the surgical patient. One can obtain an indirect 
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idea of the amount of carbon dioxide leaving the body at basal levels by doing 
a conventional measurement of oxygen consumption in a resting, fasted 
patient, making an assumption regarding the respiratory quotient at that time 
and therefore caleulating how much expired carbon dioxide this amount of 
oxygen represents. However, the present study is directed toward the changes 
in carbon (or energy) utilization associated with various surgical conditions 
which will alter both the metabolic rate and respiratory quotient to an un- 
known degree. 
METHODS 

An apparatus for measuring the carbon dioxide output of patients on the ward should 
be portable and allow easy periodic measurements without interfering with nursing care. 

Carbon dioxide is an ideal solute and also adsorbs readily on all sorts of materials. 
In order to minimize errors due to this property, a method was sought for prompt trans- 
formation of the carbon dioxide from the gas phase to liquid carbonate by contact with 
alkali. Early closed circuit anesthesia machines in this country? removed the expired 
carbon dioxide by the use of a rotary air pump which forced the air against high resistance 
through a bottle of sodium hydroxide partially filled with glass wool to prevent splashing. 
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.—Diagram of Benedict-Roth apparatus for measurement of human oxygen consumption. 


Fig. 2 
This proved impractical and was soon replaced by soda lime. The room calorimeters were 
constructed to pass room air through soda-lime canisters which were weighed before and 
after each run.5 This was satisfactory for measurement periods of several hours, but 
there was no simple, quantitative method for recovering the carbon dioxide collected 
during runs of a few minutes each, 

DuBois? has reported a number of early designs for studying gas exchange. A special 
spirometer was designed by Knipping‘t for ventilation studies, in which a pump bubbled 
the expired air through liquid alkali which was subsequently acidified and a volumetric 
measurement done on the released carbon dioxide. 

For frequent bedside measurements of gas exchange, we have modified a Benedict-Roth 
instrument!, 7 (Fig. 2) by utilizing an industrial air-scrubbing technique for collecting the 
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expired carbon dioxide. The soda-lime canister was removed from the instrument* and 
a plastic chamber placed in the expired air line (Fig. 3). This chamber is filled with a 
fine mist of liquid alkali providing efficient absorption of carbon dioxide with negligible 
resistance to expiration. The high efficiency of this technique is doubtless due to having 
a slow intermittent air flow into the misting chamber which is arbitrarily designed to con- 
tain four to six times the volume of the tidal air. Hence, each breath of expired air is 
exposed to the alkali mist for a relatively long period. 

The mist is circulated by a gear or impeller pump, delivering approximately 50 
pounds per square inch pressure to drive the liquid alkali through a misting nozzlet at 
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Fig. 3.—Modification of Benedict-Roth apparatus in which the soda-lime canister is replaced 
by a plastic misting chamber for carbon dioxide absorption. 


the top of the chamber. Tapered shoulders at the bottom of the chamber allow the alkali 
to be collected as a liquid and returned to the plastic reservoir bottle from which it is 
recirculated. Two small pieces of a highly porous plastic cushion material} are inserted 
in the expired air line to filter out any alkali droplets which may have escaped from the 
absorption chamber. 

Two additions have been made to the apparatus as diagrammed in Fig. 3. The output 
tubing from the absorption chamber has a six-inch vertical portion adjacent to the chamber 
which allows gravity to clear the air of many of the liquid droplets, while any remaining 
are stopped by the plastic filter from entering the expired air line. In addition we have 
found that a one-way valve is desirable in the inspired air line to prevent small amounts of 
counter-current circulation due to the low-grade resistance of the filter material in the 
opposite side of the circuit. 

The density of mist in the chamber is a function of the misting nozzle used and the 
pressure delivered by the pump. Low density mists in chambers of two- to three-liter 

*We are indebted to the Sanborn Company, Cambridge, Mass., for prvoiding a Model 
-I-S metabolism apparatus to begin this work. 

TNo. 1144 Stainless Steel misting nozzle made by the Spray Engineering Company, 


Cambridge, Mass. 
fFilter material is a latex bonded dynel fiber mesh of low density. 
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volume require so little filter material in the expired air line that there is essentially no 
resistance to expiration. Smaller chambers appear to require 
efficiency with the corresponding need for more filter material. 
motor blower* can be inserted in the expired air line beyond the absorption chamber and 
regulated to just offset the filter resistance and provide effortless expiration. 

At the end of a 


a more dense mist for full 
A small variable speed 


This method allows a closed system of carbon dioxide absorption. 
run the reservoir is detached and pump turned on long enough to flush what liquid remains 
in the line and the plastic reservoir bottle is replaced with a new plastic bottle of fresh 
alkali. The machine can be operated by flushing the system with an equal amount of air 
each time after a run and determining the small amount of alkali which remains on the 
walls of the tubing and pump after this procedure, or having a regular standard rinse of 
the system with approximately one hundred ec.c. of fresh alkali. The polyethylene bottles 
which serve as the reservoir for the machine can be capped and stored indefinitely without 


losing the carbon dioxide present as carbonate in the solution. At the convenience of the 
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Fig. 4.—Outline of steps in processing samples after using apparatus described in the text. 
technician these can be analyzed by any of several standard analytical methods. We have 
utilized the gravimetric procedure outlined in Fig. 4, ie., the alkali is diluted to a standard 
volume, an aliquot withdrawn, precipitated with barium chloride, dried, weighed, and 
recalculated for carbon dioxide content, either in cubie centimeters per minute under 
standard conditions, or to grams of carbon released in the expired air per minute. 

It has been our custom to operate runs for approximately seven minutes each, since 
this is suitable for the amount of oxygen that the spirometer contains. The method de- 
scribed above for carbon dioxide collection maintains a closed system and therefore allows 
a simultaneous measurement of oxygen consumption. This provides data for calculation of 
respiratory quotient, although this was not a primary objective of this study. 

For short-term measurements it is possible that a significant error in carbon balance 
“an be introduced by assuming that all of the expired carbon dioxide represents cellular 

*A variable speed motor blower can be 
Massachusetts. 


obtained at Warren E. Collins, Inc., Boston, 
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metabolism when part of it is due to the “washing out” of circulating body stores that 
occurs with hyperventilation. Fig. 5 presents data from Lusk® in graph form whieh 
indicates the magnitude of the error which can be introduced by hyperventilation. This 
demonstrates that the alteration in carbon dioxide is considerably greater than that in 
oxygen consumption for a given degree of hyperventilation. In order to minimize such 
errors, we routinely perform several dummy runs on any patient who is to be studied, and 
some idea of his ventilatory behavior can be obtained from inspecting the tracing of 
oxygen consumption. An additional precaution is being incorporated in a new model of this 
instrument whereby a Ventilograph attachment* provides a line on the tracing paper above 
the oxygen consumption recording which indicates the cumulative tidal volume of the 


INFLUENCE OF HYPERVENTILATION UPON GAS EXCHANGE 
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Fig. 5.—Alterations in gas exchange produced by hyperventilation. 


patient during the study. The slope of this line represents the patient’s minute volume and 
should not vary during the course of the run. If the minute volume is shifting, the slope 
of this line gives prompt evidence that the test is unsatisfactory due to variable ventila- 


tion. t 
CLINICAL APPLICATION 


The carbon balance is demonstrated in a number of seven-minute runs 
throughout a normal patient day in which a diet of known composition with a 
representative mixture of fat, carbohydrate, and protein is provided (Fig. 6). 





*The Ventilograph attachment is made by Warren E. Collins, Inc., Boston, Mass. 
~The apparatus currently used on this project was manufactured by the Edward A. 
Olson Manufacturing Company, Ashland, Mass. 
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The patient has a fasting carbon dioxide output in the neighborhood of 180 e¢.e. 
per minute. Since these runs were taken with the patient at rest, we can 
assume the rise associated with each meal is due to the food intake and the de- 
creased output at night reflects the absence of food intake. This appears to 
represent the specific dynamic action of foodstuffs, largely associated with 
protein intake and perhaps representing the energy ‘‘tax’’ for deamination 
of amino acids. This study demonstrates basal energy requirements in re- 
sponse to dietary intake. This is in agreement with previous metabolic investi- 
gations which have shown an increase in energy expenditure of about 10 per 
cent for an average mixed diet meal and up to 30 per cent or higher with in- 
take limited to protein. 
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Fig. 6.—Study on a hospital patient during a twenty-four-hour period in which he 


received three normal meals (left), and the following day when he fasted but had water 
as desired for twenty-four hours (right). 


At the beginning of these studies we felt that very accurate body weights 
on a Toledo bed seale taken frequently during the day and night would be of 
interest. However, this graph amply demonstrates the fact that the intake and 
output of water involves a number of categories, each of which is larger on a 
weight basis than the entire intake of food. Therefore, errors in caleulating 
water balance may completely overshadow the amount of weight change due 
to organic tissue alteration. In view of this, a direct measure of the utilization 
of carbon compounds in the body assumes even greater importance. 
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This study was continued the following day on the same patient allowing 
him water ad libitum but no food. During the time of fasting the level of 
earbon dioxide output dropped from the basal level, which is measured in the 
morning around 7 o’clock, to a level approximately 15 per cent less for the 
remainder of the day. It appeared to rise again the next morning before any 
waking activity. We have noticed this on previous studies and it is almost as 
if the tissues were ‘‘waking up’’ even though the patient has not awakened to 
engage in any specific activity. 
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Fig. 7.—Study on a hospital patient during a twenty-four-hour period in which he received 


a standard mixed diet via gastric tube at three different rates of caloric supply. 


Carbon dioxide output was studied in the same patient while he received 
his standard diet through a gastric feeding tube at varying rates (Fig. 7). The 
carbon dioxide output dropped to essentially fasting levels although the patient 
was receiving around 30 calories an hour of the mixed diet tube feeding. At 
that time, the velocity of the pump was increased to a rate of 175 calories an 
hour. The earbon dioxide output demonstrated a prompt increase, reaching 
levels which were comparable with those previously shown in association with 
consumption of regular meals. After a short period of more rapid infusion, an 
intermediate rate of 90 calories an hour was established and a slight downward 
trend was suggested in the carbon dioxide output during the remaining hours 
of that day. 

We have obtained an estimate of the total amount of expired carbon 
which leaves the body each day by applying a planimeter to the area under- 
neath the curve constructed from these individual points. 
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The actual daily carbon balances for the normal, fasting, and tube-feeding 
days, are presented in Fig. 8. The carbon output shown is the sum of the ex- 
pired carbon plus the urine urea carbon ealeulated from urea nitrogen de- 
terminations. The carbon output in other urine compounds and in the single 
small bowel movement of the three days was estimated to represent less than 
4 Gm. earbon loss per day, a negligible factor in the over-all balance. 

The expired carbon is significantly less on the day of fasting than on the 
previous day with three normal meals. This is interpreted as being the result 
of the absence of specific dynamic action from food intake. However, it is 
noted that the expired carbon for twenty-four-hour tube feeding is also some- 
what less than that with three normal meals. Presumably, this is a function 


of the particular rates of food supply that happened to be used and might not 
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Fig. 8.—Graph of the grams of carbon entering and leaving the body on the same 
patient per twenty-four kours when given three normal meals, fasted for a day, and given 
mixed diet via tube at varying rates. 


be true with tube feeding at other rates. Despite these changes in the amount 
of expired carbon one is impressed with the relative constancy of carbon output 
(energy expenditure) regardless of whether the body fasts for one day or re- 
ceives food energy significantly in excess of the resting energy requirements. 
We assume that the positive carbon balance demonstrated with three normal 
meals, and the twenty-four-hour tube feeding under these conditions repre- 
sented carbon which was primarily stored in the body in the form of fat. We 
do not have data for the earbon balance of this patient while receiving food 
intake which just equaled his resting energy needs (zero carbon balance). 
However, it appears from the fasting day, and the day where his energy needs 
were exceeded, that one cannot significantly increase the expired carbon loss 


by feeding more and more of a mixed diet. 
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COMMENT 


The carbon dioxide leaving the body represents the end stages of oxidation 
of the carbon chains arising from fat, carbohydrate or protein. This is via a 
final common pathway, the tricarboxylie acid cycle. The rate at which this eycle 
is turning over is reflected in the amount of carbon dioxide being produced per 
unit time. Since the bulk of the energy in foodstuffs can arise only from the 
operation of this cycle, the body tissues appear to be faced with imminent 
death if the cycle cannot function for lack of fuel or other reasons. Because 
of this ultimate priority on carbon compounds, it is not surprising that the 
body will tear down even vital protein components of the tissue ‘‘to keep the 
fire burning’’ as seen in the premortal rise in nitrogen excretion after pro- 
longed fasting or debilitating disease. 

Considering the surgical patient as a metabolic machine, we feel that 
following the carbon dioxide output of the body provides a direct external 
gauge of the rate at which this machine is turning over, and therefore the 
magnitude of the energy demands which must be met by food or body stores. 
This approach should be useful in studying both the route and rate of supply 
as well as the ideal composition of the diet for preoperative preparation of 
depleted patients. These same factors need to be studied postoperatively in 
the light of the magnitude of the operative stress and the special needs of each 
phase of postoperative convalescence. 

Many previous surgical studies have shown that moderate to major opera- 
tive procedures are associated with a period of postoperative negative nitrogen 
balance. Indirect evidence suggests that the balance of all carbon compounds, 
ineluding protein, is altered following surgical stress.° Carbon balance data 
would appear to provide a helpful framework for future isotopic exploration of 
intermediary pathways and further investigation of neuroendocrine influences 
which cause metabolic alterations at the enzyme level. 


SUMMARY 

A method of calculating carbon balance is presented which provides direct 
evidence of energy utilization in the surgical patient. 

This method employs a modified BMR apparatus with an air-scrubbing tech- 
nique for accurately recovering the carbon dioxide and allowing simple measure- 
ment. 

Figures for the representative carbon intake and output of a normal in- 
dividual are summarized. Clinical studies of carbon balance are presented for 
a patient’s day with normal meals, a fasting day, and a day with gastric tube 
feeding at varying rates. 

We wish to thank Dr. Leslie Silverman for the initial suggestion and subsequent advice 
regarding the air-scrubbing technique presented in this paper. The clinical data were obtained 


with the assistance of Mr. Banks Anderson and Mr. Elliott Miller, and with the technical 
help of Mrs. Ruth Daniels. Miss Hewa Schieve supervised the diet management. 
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DR. HENRY T. RANDALL (New York, N. Y.).—I would like to congratulate the 
authors of this paper on finally bringing down to earth a method of analysis which does not 
involve a $75,000 room and about 14 people to run it. Previously it was impossible to 
handle a practical clinical study in surgical patients. I think the authors have given us a 
tool which many of us will be very much interested to endeavor to duplicate and to use. A 
series of further fascinating pieces of information regarding physiology of the surgical 


patient will be forthcoming from this idea. 


DR. MOORE (closing).—Dr. Kinney did not want to make any closing remark, but 
I would just like to say a word or two. He has designed this device and hatched the 
concept behind it. It seems to me that it is a new, clear voice in the morass of surgical 
metabolism. The badly injured patient or the surgical patient after major stress is in a 
period of a dramatic changeover. The sudden shift from exogenous diet to a rapid 
endogenous fat oxidation gives him a lot of energy, supplies a lot of new water, and involves 
completely different intermediary pathways which must, at least for a short time, be flooded. 
Dr. Kinney’s work with this device may yield some more quantitative information about this. 
We may find that the sudden ‘‘ gear shift’’ as to basic energy production may be the trigger 
that sets off the other metabolic changes, and some of the endocrine changes. 














THE MECHANISM OF HYPONATREMIA AND HYPOTONICITY 
AFTER SURGICAL TRAUMA 


JEROME J. DECosse, M.D., HENry T. RanpAui, M.D., Davin V. Hasir, M.D.,* 
AND KATHLEEN E. RoBerts, M.D., New York, N. Y. 
(From the Departments of Surgery and Medicine, Memorial Center, the Cornell University 
College of Medicine, the Andre and Bella Meyer Physiology Laboratories of the Sloan-Ketter- 
ing Institute and the Department of Surgery, College of Physicians and Surgeons, Columbia- 
Presbyterian Medical Center) 


YPONATREMIA, hypochloremia, and renal retention of exogenously ad- 

ministered sodium and water in the immediate postoperative interval 
are well recognized. The hyponatremia which occurs despite a positive so- 
dium balance has been ascribed to intracellular shifts.’ 1 It is possible, how- 
ever, that it is due to extracellular water expansion and hence dilution of 
the ions present in extracellular fluid. Although few definitive studies on total 
extracellular sodium have been published, the extracellular fluid expansion 
which has been reported in the postoperative interval supports the latter pos- 
sibility.” * * 1% °° In attempting to define whether the cellular shifts of water, 
sodium, and chloride are the basis of the hyponatremia and to determine the 
mechanism of water retention as it occurs in the postoperative interval, the 
studies reported here were carried out on patients undergoing surgery. The 
results show that there is an expansion of the extracellular fluid secondary 
to shifts of water from the intracellular compartment and that total extra- 
cellular sodium and chloride appear to be increased during the postoperative 
interval. 

METHODS 

The 11 patients reported here underwent a variety of surgical procedures as outlined 
in Table II, and were studied during the pre- and postoperative period. The studies car- 
ried out on these patients included metabolic balance measurements and plasma determina- 
tions of sodium and chloride, as well as measurements of extracellular and total body 
water. The volume of distribution of inulin or sucrose was utilized as an index of the 
changes in the moiety of extracellular fluid into which these substances diffuse. Total body 
water was measured utilizing the volume of distribution of deuterium oxide or antipyrine. 
Intracellular water was estimated as the difference between total body water and the 
sucrose of inulin space.t The total plasma electrolyte was calculated as the product of 
the plasma volume and electrolyte concentration as corrected for plasma water. The total 
interstitial electrolyte was estimated as the product of the interstitial fluid volume (sucrose 





This work was supported by United States Public Health Service Grant CS 9261. 
A Read at the meeting of the Society of University Surgeons, Indianapolis, Ind., Feb 9-11, 

1956. 

*From Columbia-Presbyterian Medical Center. 

7Certain extracellular compartments are not measured by inulin or sucrose and these 
substances do not diffuse into the transcellular space.) *! Furthermore, it is recognized that 
sucrose measures a somewhat larger volume than inulin.” (For these reasons the intracellular 
water, as estimated here, includes all body compartments which may not be, in the strictest 
nee intracellular but represent water compartments into which inulin and sucrose do not 
iffuse. 
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or inulin space minus plasma volume) and the electrolyte concentration using a Donnan 
.95 for sodium. Total extracellular electrolyte 


The collection and chemical analysis 


correction faetor of 1.05 for chloride and 


was the sum of the plasma and interstitial electrolyte. 
to 


of samples were carried out according accepted techniques.5, 8, 14, 24, 27,29 Control 
measurements of body water spaces and electrolytes were made previous to surgery and 
at intervals ranging between one and four days postoperatively. No attempts were 


made in these studies to measure or account for occult losses of sodium or chloride oceur- 
ring through the skin. In the patients presented, the postsurgical recuperative interval 


was not unduly complicated. 
RESULTS 
Table I shows the changes in inulin and sucrose spaces as well as total 
sodium in these spaces in two typical patients. As shown, both the sucrose 
and inulin space increased postoperatively and total extracellular sodium was 
also increased despite the drop in the plasma concentration. In these two pa- 
tients, it is evident that the increase in extracellular sodium could not be ac- 
counted for by retention alone. <A similar increase in both sodium and chlo- 
ride in the extracellular inulin or sucrose space was measured in ten of eleven 

patients studied. 
TABLE I, EXTRACELLULAR INULIN OR SUCROSE SPACE AND ELECTROLYTES IN TWO PATIENTS 

AS DETERMINED PREOPERATIVELY -AND DURING THE POSTOPERATIVE PERIOD 




















TOTAL 








| 
| PLASMA | TOTAL MEQ. | ELECTRO- 
| OSMOLAL- | EXTRA- | ININULIN | LYTES 
| | ITY (MIL- | PLASMA | CELLULAR] OR SUCROSE BALANCI SHIFTED 
| | LIOSMOLS/ | PLASMA |__ a hell FLIUD SPACE ___ MEQ. __ MEQ. _ 
| KG. OF VOLUME SO- |CHLO-| SPACE SO- |CHLO-| SO- |CHLO-} SO- |CHLO 
PATIENT | DAY | WATER) (c.c.) | pIuM | RIDE | (LITERS) | DIUM | RIDE | DIUM] RIDE | DIUM | RIDF 
Inulin 
1 day 
preop- 
J.J. erative 3050 142 105 14.9 2158 1723 
Total gas- 
trectomy 2 days +140 +160 112 66 
post- 
opera- 
tive 3270 1385 6101 18.0 2410 1949 
Sucrose 
1 day 
} i? _—s ” ans . P 7 ae 
Anterior re-  °Tative 281 2740 142 111.3 12.3 1775—- 1518 
section of % dees +120 +8 287 268 
rectum . 
post- 
opera- 
265 2500 131 99 16.3 2182 1789 


tive 


Fig. 1 and Table II illustrate the average increase in total extracellular 


sodium and chloride in the inulin or sucrose space as calculated from the data 


of ten patients. 


As indieated, the average increase in sodium in the extracel- 


lular compartment was 410 meq., only 85 of which could be accounted for by 


retention. 


Chloride increased an average of 290 meq. and only 65 meq. could 
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be explained by retention. The remainder, as indicated, may well have 
shifted to the extracellular compartment from bone, collagenous tissue, or 
other sodium reservoirs. The sodium which shifted in excess of chloride we 
assume to be in combination with bicarbonate which has also shifted with 
sodium, or possibly, formed from metabolic processes. 

Table III summarizes the data on 9 patients in whom deuterium oxide or 
antipyrine spaces and inulin or sucrose spaces were measured. Calculation of 
total body water in these patients revealed that changes were small and showed 
no consistent direction. 
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Fig 1.—Average postoperative change in sodium and chloride as measured in 10 patients. 
, Fig. 2.—Postoperative changes in extracellular fluid and total body water in 10 patients 
including the 9 patients illustrated in Table III. 


In all but one of the patients presented, the extracellular fluid was 
increased and intracellular fiuid, by inference, decreased. Fig. 2 illustrates 
the average changes in the body water compartments of the 11 patients 
in whom these measurements were made. The average increase in the ex- 
tracellular fluid in these patients was 3.3 L. which was largely at the expense 
of the intracellular water, the average loss of which was 4.5 L. All of the 
patients were in water balance as ealeulated grossly from measured external 
balances and estimated insensible losses. Therefore, the decrease in intracelu- 
lar water probably represented a shift of water to the extracellular com- 
partment. It cannot be stated with complete certainty, however, that the 
expanded extracellular fluid was not partially the result of retained water, 
since calculation of water balance is at best a rough approximation, largely 
because of the impossibility of measuring accurately the water of oxidation 
and insensible losses. There was an average weight loss of 0.7 Kg. and no 
weight gain occurred in any patient. 
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SHIFTS OF ELECTROLYTES POSTOPERATIVELY 








TOTAL MEQ. IN 
INULIN OR 





SUCROSE 


BALANCE 


MEQ. 





| 
| 





SPACE 
PATIENT DAY SODIUM |CHLORIDE| SODIUM [CHLORIDE | 
lL. J.J. Control 2158 1723 
Total 2 days post- +140 
gastrectomy operative 2410 1949 
2. R. B. Control 1949 1526 
Herniorrhaphy | day postop- +120 
erative 2378 1796 
3. J.B. Control 1257 1038 
Cholecystectomy 3 days post -30 
operative 1620 1247 
4. M.B. Control 1327 1058 
Ventral | day postop- +40 
herniorrhaphy erative 2257 1823 
5. A. B. Control 1253 1028 
Herniorrhaphy 4 days post- +300 
operative 2457 1911 
6. P. A. Control 1272 960 
Cholecystectomy 4 days post- -42 
operative 1294 960 
7. A.G. Control 1259 971 
Herniorrhaphy 2 days post- +25 
operative 1230 997 
8. J. L.* Control 1775 1513 
Anterior resection 3 days post- +120 
of rectum operative 2182 1789 
9. J.8.* Control 2113 1734 
Abdominoperineal 3 days post- +32 
resection operative 2438 1892 
10. A. B.* Control 1748 1509 
Left 4 days post- +135 
1962 1652 


hemicolectomy 


*Sucrose spaces. 
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The remaining patients represent inulin spaces. 
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SoDIUM AND CHLORIDE BALANCE IN TEN PATIENTS AND ESTIMATED EXTRACELLULAR 


OR SUCROSE SPACE 
MEQ. 


“SODIUM |CHLORIDE 


112 66 
309 110 
393 290) 
890 729 
904 563 

64 17 
54 16 
287 268 
293 134 

79 80 


POSTOPERATIVE CHANGES IN MEASURED TOTAL Bopy WATER AND EXTRACELLULAR 


INULIN OR SucROSE SPACES, AND CALOULATED INTRACELLULAR WATER IN NINE PATIENTS 








ORIGINAL BODY 
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WEIGHT BODY WEIGHT 

PATIENT ( KILOGRAMS ) (KILOGRAMS) | 
1 J.J. 69.0 0 

2. R. B. 67.5 0 

3. J.B. 75.2 -1.8 

4. M.B. 70.3 -0.3 

5. A. B. 57.5 -1.2 

6. 7. A. 63.1 -1.6 

7. A. G. 95.3 -0.4 

8. J. L. 47.7 was 

9. J.S. 60.6 0 
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*Accurate weights are not available during the period of study. 
**Sucrose space (Liters). 
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DISCUSSION 


The data presented suggest that the hyponatremia occurring in the post- 
operative interval is the result of extracellular fluid dilution and does not 
necessarily result from intracellular shifts of sodium. In 10 of the 11 patients 
studied, the total sodium in the measurable extracellular fluid was actually 
increased during the postoperative period. Since the total inerease in ex- 
tracellular sodium cannot be accounted for by retention of exogenously ad- 
ministered sodium, the assumption is inherent that there are shifts of this 
cation to the extracellular fluid. A similar shift of chloride to the extra- 
cellular fluid also occurred but was concealed by the hypochloremia in the 
patients studied. The shift of sodium was, however, in excess of chloride 
and hence the remainder of sodium may have shifted with bicarbonate. 
These calculated alterations in sodium emphasize that analysis of any com- 
ponent of the extracellular fluid must also account for the dimensions of the 
compartment and not just for coneentration alone. With the exception of 
Barker* and Delaney and associates,'® who noted no consistent changes on the 
first and second postoperative days, the data of Aronstam and associates,* Cope 
and associates,’ Lyon and associates,’ and Moore and Ball,'® when ecaleulated 
in a similar manner, confirm this thesis.* 

The renal retention of sodium and water during the immediate postoper- 
ative interval has been well described and is closely associated with the in- 
crease in total extracellular sodium and chloride. The retention of sodium 
has been ascribed to increased adrenal steroids which have been shown to 
be released in greater amounts as the result of operational stress.?” ?* 3? 35 The 
shifts of sodium and chloride to the extracellular fluid cannot be so clearly 
assigned. It is certain, however, that the hyponatremia would be much 
more profound if shifts of water occurred without concomitant shifts of 
sodium. 

The renal retention of water postoperatively and the maintenance of the 
expanded extracellular fluid have been assigned to inereased seeretion of anti- 
diuretic hormone.’'*® The mechanism whereby increased titers of this hor- 
mone are present, however, is controversial. It may well be that several fac- 
tors known to be present in the postoperative patient are influential in its 
release. These include morphine, pain, and psychogenic stimuli. However 


*The use of inulin as a measure of extracellular fluid has been criticized on the grounds 
that its volume of distribution is less than that of sucrose and other substances. Furthermore, 
the validity of any substance as a measure of extracellular fluid in the postsurgical patient 
has been questioned since tissue permeability or plasma binding may be changed and increased 
amount of adrenal steroids may affect its distribution.’ *. 18 However, the use of sucrose and 
other substances has been accepted as a valid measure of extracellular fluid in the dog follow- 
ing nephrectomy.*!: *. 1 In addition, the volume of distribution of sucrose and inulin has been 
found to be greatest in the third to fifth postoperative days. If adrenal steroids or changes 
in tissue permeability were to alter significantly the distribution of substances measuring 
extracellular fluid it would be expected that the greatest changes would occur earlier when 
these factors are most prominent. Regardless of the magnitude of the space measured by the 
variety of substances which have been used to estimate extracellular fluid, the direction of 
change has been consistent and has increased. Sucrose and inulin do not diffuse into the gas- 
trointestinal tract as estimated from analysis of drainage, and furthermore, urinary recovery 
of substances was such in our experiments that only an insignificant amount could have been 
hydrolyzed. Since sucrose and inulin do not diffuse into the gastrointestinal tract, the fluid 
which is pooled in the intestine following surgery is not measured and, therefore, the increase 
in total extracellular fluid in these cases may often be much greater than reported here. 
Because of the extracellular sodium shift, it would not be expected that changes in the 
sodium 24 space would be comparable to a space measured by other means in the postoperative 


patient,’ 
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potent these factors may be in the immediate postoperative period, their 
importance is less clear on the third to fifth postsurgical day, when maxi- 
mum changes in extracellular water are reported to occur.* 

The work of Verney has been interpreted to mean that the stimulus 
to release of antidiuretic hormone is an increase in extracellular osmotic 
pressure.**> This mechanism for release of ADH in the postsurgical patient, 
however, is clearly not a factor since the opposite situation is the usual 
finding. This is illustrated in the patients presented by the finding of hy- 
ponatremia and hypochloremia. Recognizing, of course, that plasma sodium 
or chloride may not consistently reflect osmolality or that osmolality cannot 
necessarily be caleulated from plasma analysis of electrolytes, actual measure- 
ments of osmolality have also been made in the immediate postoperative inter- 
val in several patients. These measurements show a decrease in extracellular 
osmotic pressure by as much as 15 to 20 milliosmols. This finding clearly 
denies that extracellular osmolality is mediating the release of antidiuretic 
hormone in the postoperative patient. 

The possibility should be considered, however, that the experimental data 
of Verney and others coneerning the mechanism of release of antidiuretic 
hormone could just as well be interpreted to mean that the relationship be- 
tween extra- and intracellular osmotic pressure may mediate the release of 
this hormone. If this interpretation is entertained it is possible to explain, 
in part, the mechanism whereby increased amounts of antidiuretic hormone 
are released in the postoperative interval. 

Rough ecaleulations of electrolyte losses from the intracellular compart- 
ment as measured from metabolie balances of nitrogen, magnesium, potassium, 
phosphate, and ealeium in two of the patients presented here, and from the 
data of patients studied by Schwartz?* show that the total loss of intracellular 
electrolytes ranged between 51 and 396 millimols with an average loss of 
195 millimols. Even without subtraction of the theoretical amount of 
phosphate and potassium which is combined with intracellular protein and 
thus less osmotically active, the intracellular losses are not equivalent to 
water loss. If the sodium, chloride, and bicarbonate shifts are added to the 
other intracellular electrolytes, the average total loss is 850 


net loss of 
This may be considered 


millimols, whereas water losses averaged 4.5 liters. 
to be an invalid caleulation in respect to the disagreement as to whether the 
intracellular compartment is hyperosmotic or whether it has the same osmo- 
lality as extracellular fluid.® '* *?:** However, the intracellular water losses 
in our patients far exceeded the electrolyte losses which would impart the 
minimal osmolality predicted for intracellular fluid. If this reasoning is 
valid it may be that shifts of water without comparable losses of electrolytes 
from the intracellular compartment result in an increased intracellular osmo- 
lality in relation to extracellular osmolality, which triggers, and then main- 
tains, in part, the increased secretion of antidiuretic hormone in the postopera- 
tive interval and underlies the basis for renal retention of water and main- 
tenance of the expanded extracellular fluid despite plasma hypotonicity. The 
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mechanism whereby extracellular fluid expansion and hypotonicity occur 
at the expense of intracellular fluid is obscure. It is possible that tissue 
trauma at the operative site causes localized pooling of extracellular fluid 
secondary to local increases in osmolality resulting from tissue breakdown or 
release of intracellular components. 

The therapeutic implications of the findings reported here are obvious. 
Primarily it should be recognized that hyponatremia and extracellular fluid 
expansion are a natural sequence in the postoperative patient and are usually 
asymptomatie and self-limiting. It is recognized that excessively administered 
fluid or electrolytes will not be normally exereted in the postoperative interval 
because of antidiuresis and increased adrenal cortical activity. Nevertheless, 
the tendency toward hyponatremia and cellular hyperosmolality requires that 
water and sodium should not be restricted too rigidly. On the other hand, 
there is no need to attempt to bring these levels back to ‘‘book normal’’ by 
infusion of sodium chloride solutions. Indeed excessive infusion of these 
electrolytes seldom succeeds in restoring ‘‘normal’’ levels and has the widely 
recognized hazard of overexpanding the extracellular fluid space. 1° 


CONCLUSIONS 


It has been shown that the hyponatremia and hypochloremia in the 
postsurgical interval can be explained on the basis of expansion of the ex- 
tracellular fluid and that total extracellular sodium and chloride may actually 
he inereased postoperatively. Extracellular fluid expansion oceurs at the 
expense of the intracellular compartment. It has been postulated that there 
may be elevated intracellular osmolality resulting from losses of intracellular 
water without equivalent electrolytes, thus changing intracellular-extracellu- 
lar osmotie relationships, and this may be responsible, in part, for the in- 
creased secretion of antidiuretic hormone, which triggers and then maintains 
water retention in the postoperative interval. 

We are indebted to the following for referring patients and for their assistance in the 
preparation of this work: Drs. M. Deddish, M. K. Schwartz, R. Harwick, F. Gerold, R. 
Schweitzer, and W. Taylor; to the chief dietician, Mrs. Lois Stroub; and to Jeanette Di- 
Angelis, Margaret Hood, Frankie Lawson and Rita Lipton for their technical assistance. We 
are also grateful to Lidgia O’Brien and Mr. Raymond Hernits for their technical assistance 
at the Metabolic Unit of Presbyterian Hospital. 
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DISCUSSION 


DR. ROBERT BERRY (Ann Arbor, Mich.).—I would like to compliment the authors 
on a very fine piece of work. Their many worth-while contributions in this field have in- 
deed been augmented by this presentation. However, I think it should be pointed out that 
a large individual variation exists in these phenomena. Over fifteen years ago Stewart 
and Rourke pointed out the unpredictability of “extracellular water’? movement in response 
to operative trauma. 

In work we have done with a group of patients over 70 years of age, determinations 
of the sodium thiosulphate space in response to operative injury produced no rigid pattern. 
This space either remained essentially constant, showed a slight increase and one patient 
demonstrated a contraction of the “extracellular space.” 

These data (Slide) demonstrate serial plasma electrolyte determinations observed in 
a 73-year-old woman undergoing a combined abdominoperineal resection of the rectum. 
Initial sodium concentration was 141 meq. It fell to 137 meq. on the third and returned 
to normal by the sixth postoperative day without the administration of sodium salts. This 
was despite the posterior wound and gastrointestinal tube loss. As an added stress, the 
type of fluid given was 4 per cent rather than 5 per cent glucose. Fluid intake, after re- 
placement of blood loss, consisted of 2,000 ml. of 4 per cent glucose and distilled water on 
the day of operation and 3,000 ml. per day of this same parenteral fluid. These amounts, 
of course, were far in excess of her needs. Tolerance to this stress was excellent. Meas- 
ured fluid loss during this period was 15,150 ml. of urine and 1,320 ml. of intestinal content 
removed by suction. Unmeasured loss consisted of posterior wound drainage and insensi- 
ble loss. Serial thiosulphate space determinations showed little change. 

One possible explanation for her failure to demonstrate clinical evidence of serious 
extracellular fluid loss was her unexpected ability for renal conservation of sodium. 
(Slide.) Measured twenty-four-hour urines failed to show sodium concentrations in excess 
of 6.6 meq. Elderly patients can conserve sodium after operative trauma provided rela- 
tively normal renal function exists. 

These complex changes probably involve all basic life mechanisms, Certainly we are 
a long way from understanding them with reasonable completeness. Perhaps when the 
time arrives that permits us to understand disturbances of electric potentials across cell 
membranes in response to injury, we shall better understand these phenomena. 


F. D. MOORE (Boston, Mass.).—I would like to congratulate the authors also. I 
don’t know any group that has done such careful repeated studies of this type in such a 
short-term time scale, which is the only way one can get this kind of thing sorted out. 
[ would also like to thank them for the opportunity to read the manuscript prior to the 
meeting. 

We’ve been interested for some time in this tendency for the serum sodium to drop 
after surgery and with it often a slight rise in serum potassium concentration. It cer- 
tainly is unimportant in most patients, although a mechanism of considerable interest. 
In some individuals, especially chronically ill individuals, patients with heart disease, liver 
disease, and kidney disease, this same sort of “shift” is tremendously exaggerated and can 
lead to very serious consequences, including the typical electrocardiographie appearance of 
hyperkalemia. So, it isn’t just a purely academic matter. Our thought at the moment, on 
the basis of the data we have, which come from slightly different methods, is that the 
serum sodium drop in about 90 to 95 per cent of patients having major surgery is largely 
dilutional, that new water, partly from fat, partly from cell water, and partly from pro- 
tein oxidation, amounts to about 1,000 ¢.c., or slightly more, in the first twenty-four hours. 
Then, while that’s going on, the patient is losing some sodium—not much it’s true—but it 
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has to be taken into consideration, as Dr. DeCosse so carefully has, and he’s under this 
antidiuretic effect, whatever its origin. Taking those three together we have been able 
quantitatively to account for the hyponatremia that we have seen. The use of the sucrose 
and inulin methods is very interesting and of course raises the possibility that those two 
dilutional entities are merely entering a space that already contains sodium, rather than 


sodium moving in to their dilutional areas. 


DR. H. T. RANDALL (New York, N. Y.).—I think Dr. Moore has certainly put his 
finger on two things which are of tremendous importance in considering these studies of 
what does happen to a patient under stress. One of them is the question of what are we 
Some seven or eight years ago Dr. David Habit and I started doing these studies 
I thought I had a very nice and concise idea of what extracellular fluid 
I don’t 


measuring. 
at Presbyterian. 
was. The more I have looked at it in the succeeding years the less sure I become. 
think that there is really a compartment which one can truly say is extracellular, at least 
by any means we have of measuring it today, and another which you can say is truly 
intracellular. Any measurement device which is used measures something which is unique 
unto itself. The inulin space is smaller than the sucrose space. The sucrose space is 
smaller than the thiocynate space. The thiocynate space and the sodium space (sodium 24 
dilution space) are about the same. I suspect that as we continue these studies we are 
going to find more and more that there is a sort of continuum between truly extracellular 
fluid and certain connective tissue and ground substance and tendons and the like which 
are neither intracellular nor extracellular. This may be where the inulin goes to make 
these expansions, which we have noted, rather than cells losing water. The changes ob- 
served will depend upon the particular distribution of the substance you are adding in 
this continuum. 

Certainly the other thing that is impressive is that there is an extraordinarily rapid 
and dynamie equilibrium between intra- and extracellular compartments if such exist. We 
used to think that it was a very slow process for things to get back and forth across the 
cell membrane. We know now that many things go with extraordinary rapidity. And 
certainly major insults, such as surgical trauma, in setting off a whole series of defense 
mechanisms, could be expected to change the boundaries of many of these areas and in 
tho process force us to rather complex explanations, none of which I suspect are, in the 
absolute sense, true. 

[ would like to thank Dr. Berry and Dr. Moore for their comments. I would like to 
ask Dr. Berry whether he thought perhaps in the patient which he showed us in those 
beautiful slides, that the patient may have had a hypokalemie alkalosis; the tendency of 
chloride to drop and bicarbonate to rise, and a relatively low potassium rather makes that 


suggestion. This further complicates the pattern of the measurement of whatever it is 


we are measuring that we eall extracellular fluid. 


DR. BERRY (closing).—In answer to Dr. Randall’s question: just why the adminis- 
tration of 4 per cent glucose produced a metabolic alkalosis is difficult to understand. 
It is possible that the administration of this solution 


There is one possible explanation. 
The increasing daily urine 


depleted cell potassium which was then excreted in the urine. 
potassiums were not observed with 5 per cent glucose solutions. 
urinary excretion of potassium there was a concomitant increase in urine chloride with 


As a result of increased 


resultant alkalosis. This would confirm a previous observation that the urinary excretion 


of potassium and chloride tend to parallel each other at least until such time as the con- 


centration of both ions becomes abnormally low. 








HEMORRHAGE DURING AND AFTER OPERATION SECONDARY TO 
CHANGES IN THE CLOTTING MECHANISM: PHYSIOLOGY AND 
METHODS OF CONTROL 


EuGene E. Cuirrron, M.D., Carto Grossi, M.D., ANp MALcoLm Srece., Px.D., 
New York, N. Y. 
(From the Sloan Kettering Institute for Cancer Research and the Memorial Center for 


Cancer and Allied Diseases, and Andre and Bella Meyer Physiology Laboratory, and from the 
Department of Surgery, Cornell University School of Medicine) 


NCONTROLLED general bleeding, either during or after surgery, is a 

rare but distressing complication which is becoming more frequent with 
more extensive surgical procedures and massive blood replacement. These 
hemorrhagic episodes have been attributed to deficient ionized calcium, elevated 
citrate levels, deficient platelets either in number or function, fibrinolysis, 
depressed fibrinogen levels, or depression in the level of other clotting factors. 
Frequently careful study of one or perhaps two of the factors mentioned have 
been made in patients with unusual bleeding. The changes observed have then 
been considered the cause of the bleeding, even though other factors may not 
have been studied at all. Our purpose was to evaluate the commonly recog- 


nized factors responsible for clotting and the control of hemorrhage in a series 
of patients subjected to major surgical procedures. In most of these cases 
several transfusions were necessary, but cases with a few and with no trans- 
fusions were included in order to evaluate the effect of the transfusions them- 


selves. 
MATERIAL AND METHODS 


Fifty-five patients from the surgical service at Memorial Hospital were studied com- 
pletely, with at least one preoperative, one or more operative, and one or more postoperative 
blood samples. The majority of these patients were operated upon for malignant neoplastic 
disease and fell into the age groups common for this disease. Two patients from Bellevue 
Hospital who died as a result of uncontrolled bleeding and two other patients from Memorial 
Hospital who bled postoperatively are included in this report although their data were not 
included in the charts or figures. All patients studied had the following determinations. 

1. Fibrinogen level—the first 31 cases were measured by the Parfentjev Method? 
which is rapid and reproducible, but which gave erroneously low levels below 150 mg. per cent 
and so had to be abandoned. Twenty-four were measured by the Cullen and Van Slyke 
Method.’ Most of the plasmas with low Parfentjev readings were retested using the Cullen 
and Van Slyke Method. All figures shown include only Cullen and Van Slyke data. 

2. Spontaneous fibrinolytic activity of the euglobulin fraction of plasma,17 using a 
standard Bovine clot.5 

This Research was supported by Grant #C 2009 of the U. S. Public Health Service and 
Department of the Army Contract # DA-49-007-M.D.-673. 
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3. Clot lysis time of the patient’s own clotted blood. 

+, Spontaneous proteolytic activity of the euglobulin fraction of plasma.4° 
5. Clotting time (Lee White Method). 

Forty-seven completely studied cases also had the following determinations. * 
Gi. Platelet count.? 

7. Prothrombin time (Quick ).22 

8. Prothrombin consumption.*3 

9. Prothrombin content.!9 

10. Factor V (proaccelerin ) .19 

11. Factor VII (Proconvertin, stable factor) .19 

In 15 eases citrate levels and antiplasmin levels were also measured. 

12. Citrate levels.t 


13. Antiplasmin levels (method to be reported). 


DATA 
lifty-five patients were studied before, during, and after surgery. Several 
other patients were studied incompletely, only after they showed abnormal 


TABLE I 


AVERAGE NUM- 


| BER TRANS- MAXIMUM 
NUMBER OF | FUSIONS PER FIBRINOLYTI 
OPERATION PATIENTS PATIENT | ACTIVITY 
Patients With Clinical Oozing 
Laryngectomy and bilateral neck dissection l 6.0 8 hr. 
Cholangioenterostomy l 4.0 10 hr. 
Right hepatic lobectomy 3 22.0 1 hr. 
Hysterectomy l 3.0 oO min. 
Pelvic exenteration 2 7.0 1 hr. 
Patients With No Clinical Oozing 

l.ocal head and neck 2 1.0 None 
Thyroid and neck dissection l 3.0 12 hr. 
Laryngectomy and neck dissection 3 4.0 One—1 hr. 
Glossectomy and neck dissection 2 3.0 None 
Maxillary orbital exenteration 3 3.0 None 
Excision lipoma chest wall 1 0.0 None 
Exploratory thoracotomy 5 2.0 None 
Esophagectomy 2 2.0 None 
Pulmonary resection 2 3.0 None 
Exploratory laparotomy 4 0.4 None 
Right hepatic lobectomy l 5.0 12 hr, 
Abdominoperineal 2 3.0 None 
Hysterectomy 5) 4.0 None 
Salpingo-oophorectomy l 1.0 None 
Pelvic exenteration 6 5.0 None 
Radical vulvectomy 2 +.0 One—5 hr. 
Genitourinary operations 4 3.0 None 

1 1.0 None 





Adrenalectomy 

List of patients studied during and after surgery. They are divided into two groups. 
In the first, there was abnormal oozing during surgery and in the second, there was no 
oozing. The number of patients undergoing the types of operations with the average number 
of transfusions given per patient are listed. The maximum fibrinolytic activity of the 
euglobulin fraction with each type operation is indicated. 


*These tests were performed in Dr. Marjorie Zucker’s laboratory and will be reported 
in detail later. 
*Personal Communication, Dr. J. P. Bunker, Boston. 


age, 
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oozing or bleeding tendencies during or after surgery. An attempt was made 
to study a variety of surgical procedures in all parts of the body, the only 
qualification being that they were potentially extensive (Table I). The various 
degrees of exploration and mobilization in those patients not resected furnished 
controls for the major resective procedures. 

Of the 55 patients, 8 (14 per cent) showed clinically obvious oozing and 
47 did not (Table I). There was no significant difference in the type of surgery 
involved, except that all patients who showed oozing underwent major re- 
sectional surgery. 


PATIENTS WITH FIBRINQLYTIC ACTIVITY 
Caring Group 
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Fig. 1.—Graph of average values of 8 patients studied who had fibrinolytic activity and 
abnormal oozing at surgery. Studies carried out the night before surgery, the morning just 
prior to anesthesia, just after anesthesia, after the incision was made and exposure obtained, 
during the dissection and before any oozing was noted, during severe oozing and postopera- 
tively to the next day. The following determinations are recorded: proteolytic activity of the 
euglobulin fraction of plasma in gamma of tyrosine per ml. per hour; prothrombin time 
(Quick) in seconds; fibrinolytic activity of the euglobulin fraction of plasma in hours 
(shorter time = greater activity); plasma fibrinogen in mg. per cent; citrate levels of 
plasma in mg. per cent. 


The 8 patients who exhibited oozing showed definite fibrinolytic activity 
both of the euglobulin fraction and by lysis of the whole blood clot and all 
but one (C. W.) had significantly lowered fibrinogen concentration (Table IT). 
It should also be noted that the fibrinolytic activity was maximal before the 
oozing occurred and that the fibrinogen fell to a minimum at about the time 
of severe clinical oozing, or excessive bleeding (Fig. 1). 

Changes in other clotting factors were observed but did not differ signifi- 
cantly in those who bled, as compared with those who failed to ooze or bleed. 
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Number | 

The maximum decrease in platelets was 70 per cent as compared to 75 per cent 

in nonbleeding patients. The lowest prothrombin (48 per cent) was identical 

in both groups. Factor V levels fell lower in a few of the oozers than in any 

of the controls, but 5 of the nine (56 per cent) had normal levels throughout. 
There was an increase in proteolytic activity also observable, but this 

could not be correlated directly with changes in fibrinogen, fibrinolysis, or 


oozing. 


PATIENTS WITH FIBRINOLYTIC ACTIVITY 
Non oozing Group 
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_. Fig. 2.—Graph of average values of 4 patients with fibrinolytic activity but without 
clinical oozing. Materials and times were the same as in Fig. 1. An arrow indicates the 
time of difficulty in induction of anesthesia with cyanosis in two of the patients. 


Forty-seven patients showed no significant oozing or abnormal bleeding. 
Four of these 47 patients who failed to show a bleeding tendency had fibrino- 
lytie activity of the euglobulin fraction of their plasma appear during surgery 
(Table II). This activity was less in the + nonoozers than in the oozers, only one 
of the nonoozers had a significant drop in fibrinogen level (Fig. 2). Of the 4, one 
(C. N.) had an allergic type of blood transfusion reaction and a difficult 
anesthetic induction with associated anoxia, and a second (M. G.) had a difficult 
induction with marked cyanosis. Transfusion reactions and cyanosis have both 
been reported as causes of fibrinolysis and unusual bleeding. Both of these 
patients maintained a normal fibrinogen level. The third patient (D. H.) had 
both fibrinolytic activity of the euglobulin fraction and whole clot lysis but also 
The fourth patient (M. B.) was the only patient with 


She did 


had a high fibrinogen. 
euglobulin fibrinolytic activity and low fibrinogen who failed to ooze. 
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not have whole clot lysis, however, and her fibrinolytic activity was not marked 
and was short lived, just before the conclusion of the operative procedure 


(Table I1). 
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Fig. 3.—Graph of average values of 42 patients studied completely during surgery in which 
no fibrinolytic activity was found. Materials and times as in Figs. 1 and 2. 


Forty-three of these patients had no fibrinolytic activity (Fig. 3). It 
should be remembered that changes in other clotting factors were not signifi- 
eantly different than in the eight patients with oozing. 

Fibrinolytie activity and oozing had a definite relationship to the number 
of transfusions given (Table III). When the rate of blood administration in 


TABLE ILI. SUMMARY OF PATIENTS STUDIED DURING SURGERY 








NUMBER PATIENTS WITH | PATIENTS WITH | PATIENTS WITH | PER CENT CASES 
TRANSFUSIONS NO FIBRINOLYSIS | FIBRINOLYSIS | CLINICAL OOZING WITH OOZING 
0 ete oS. — -_— as 0 
1 to 4 35 5) Z 5 
5 to 9 12 ft » 25 

10 to 19 2 2 ye 100 

20 to 3 1 I 1 100 
Total number 55 12 8 
20 15 


Total per cent 
_ The patients are divided into groups according to the number of transfusions (500 ml.) 
received during surgery. The number who showed no fibrinolysis, the number with euglobulin 
fibrinolytic activity, and the number in which there was clinical oozing are shown. The 
percentage of total patients with fibrinolytic activity and clinical oozing is also indicated. 


500 ¢.e. unit per hour is compared with fibrinolytic activity the correlation is 
even more obvious (Fig. 4). The 2 patients who showed euglobulin fibrinolytic 
activity with a rate of less than 2 units per hour had other explanations for the 


activity (see C, N. and M. G. above), and neither was an active bleeder. 
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A significant decrease in fibrinogen level (below 200 mg. per cent Cullen 
and Van Slyke or 100 mg. per cent Parfentjev) occurred in all but one patient 
who showed excessive bleeding. Several (8) of the patients who failed to show 
exeessive bleeding also had a significant drop in fibrinogen, but in only one 
of these eases was the decrease associated with active fibrinolysis or marked 
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Fig. 4.—In this graph the euglobulin fibrinolytic activity in hours of each patient’s 
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rate greater than two units per hour. 
changes in other clotting factors. As previously reported there is usually some 
decrease in fibrinogen level during surgery and a rapid rise postoperatively 
in those who do not ooze operatively and who respond well to operation. 

The changes taking place and their relationship to oozing can best. be 
shown by individual cases. Two cases of pelvic exenteration are good examples. 
(ase 1 (C. D., Table II) had a rapid development of fibrinolysis, but having 
started with a high fibrinogen, it did not fall below the 200 mg. per cent level 
till after two hours of surgery and 7 pints of blood (Fig. 5). With oozing 
the fibrinogen fell to 160 mg. per cent at the end of the operation, with 
euglobulin fibrinolytic time of one hour, and a whole clot lysis time of three 
hours. This patient continued to ooze after closure, an unusual event, and 
this was associated with another unusual event: a continuation of fibrinolytic 
activity for four hours postoperatively and a low fibrinogen for the same period. 
It should be noted that this patient had significant changes in other clotting 
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factors. Factor V fell to 50 per cent of normal and Factor VII to 22 per cent 
of normal. There was no significant change in platelet count despite the 7 
transfusions. 

The second ease (Fig. 6) did not show euglobulin fibrinolytic activity or 
The fibrinogen fell from 313 to 194 mg. per cent, but no 
She was given 8 units (500 ¢@.¢.) of blood. The 
This patient had a 


whole clot lysis. 
unusual oozing occurred. 
blood loss was from large vessels in the field of surgery. 
marked drop in platelets from 251,000 to 60,000 and changes in factors V and 


VII were similar to those in Case 1. 


CO. ANTERIOR PELVIC EXENTERATION 
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Fig. 5.—Graph of findings in Patient C. D. (anterior pelvic exenteration). This patient 
had abnormal oozing during surgery and received 7 units of blood. In the top graph, plasma 
factor V is in per cent of normal, and plasma citrate in mg. per cent. In the middle 
graph the dots represent plasma fibrinolytic activity in hours (the greater the activity the 
shorter the time), the squares represent the Quick prothrombin time in seconds, and the 
triangles the plasma proteolytic activity in gamma tyrosine per ml. per hour. In the lower 
part the plasma fibrinogen levels are given and each arrow indicates one unit of blood. The 
time when samples were taken is shown. The night before, prior to anesthesia, postanesthesia, 
during the first half of surgery, during the second half of surgery, at the end of the operation, 
and through the twenty-four hour postoperative period. 


The 4 hepatectomy patients differed somewhat from the others. Three 
of the 4 showed marked oozing. Euglobulin fibrinolytic activity and increased 
proteolytie activity were shown by all cases and fibrinogen fell to very low 
levels and remained low for at least twenty-four hours after operation. Factors 
V and VII also fell and remained low for 2 to 5 days after operation. 
C. S. (Table II) is an example (Fig. 7). 

The two patients from Bellevue Hospital who died as a result of their 
bleeding showed the most marked changes. The first of these was a 57-year-old 
white woman (S. B., Table II) who had a sigmoid colon resection for carcinoma, 
during which a generalized ooze from the operative field was noted. All major 
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Fig. 6.—Graph of findings in Patient O. B. (posterior pelvic exenteration). 
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Fig. 7.—Graph of findings 
studies are recorded as in Figs. 5 and 6. 
after the fibrinolytic activity had been present for one hour and that the fibrinolytic activity 


stopped soon after’the administration of frozen plasma. 
before, during and up to ninety-six hours following surgery. Note the slow return of fibrinogen 
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bleeding points were secured. During the operation the patient’s blood pressure 
fell to shock levels despite adequate blood replacement. She was returned to 
the ward in shock and treated with whole blood and Levophed without im- 
provement. The abdomen was distended and a drain was inserted into the 
peritoneal cavity. Approximately 2,000 ml. of blood which did not clot was 
obtained from this site. The fibrinogen level was reported as 158 mg. per cent. 
Our studies later in her course revealed a blood fibrinogen of 15 mg. per cent 
(Parfentjev) and a fibrinolytie activity of eighteen minutes. She was given 
3.5 Gm. of human fibrinogen and 2 units of frozen plasma one hour before 
death. In spite of therapy she expired nine hours postoperatively. 

The second patient was a 49-year-old white man (C. I., Table IL) who 
was admitted to Bellevue Hospital because of joint pains of four days’ duration. 
He gave a vague history of hematemesis two years before when he had been 
told he had chronie liver disease. With a diagnosis of arthritis, he was started 
on cortisone 300 mg. every day. On the third day he passed a large amount of 
bright red blood per rectum, and had hematemesis. He remained in shock 
despite 8 units of blood. A subtotal gastrectomy was performed when multiple 
small superficial ulcerations were found in the duodenum and stomach. After 
the stomach was resected, active bleeding was noted from the entire mucosal 
surtace of the gastric remnant. The gastric pouch was lined with Gelfoam and 
a Blakemore bag was inserted and inflated in an attempt to compress the 
multiple bleeding points. The patient was given calcium gluconate and large 
amounts of vitamin K. A prothrombin time drawn during surgery was 
thirty-nine seconds probably due to the low fibrinogen of 18 mg. per cent 
(Parfentjev). The whole blood clot lysed in eight minutes and the euglobulin 
fibrinolytic time was ten and one-half minutes. The patient died within forty- 
five minutes following surgery, and the post-mortem fibrinolytic time was still 
ten and one-half minutes. 

Treatment of this syndrome is still on an empiric basis. The one most 
satisfactory treatment would seem to be a cessation of operative trauma and 
anesthesia and closure of the wound. Bank blood has been castigated as being 
very deficient in clotting factors. Relatively fresh blood, however, contains 
good fibrinogen levels (250 mg. per cent), active antifibrinolysin, some platelets, 
and good levels of prothrombin, and stable factor. Only the labile factor is 
rapidly lost and one can replace this with fresh frozen lyophilized plasma. 
The highest levels of all clotting factors are present in fresh, ideally prepared 
blood, or, except for platelets, in fresh frozen plasma. 

Three patients responded during surgery to frozen plasma by cessation 
of oozing. One other special patient (T. E., Table IL) gave the most significant 
response. This patient was on cortisone for metastatic breast carcinoma and 
had an oophorectomy performed. Postoperatively she continued to bleed actively 
from the wound. She was re-explored two days later and no definite bleeding 
site was found, but she continued to bleed for four days. Studies were then 
done which showed that she had a fibrinogen of 102 mg. per cent and a 
euglobulin fibrinolytic activity of ten hours. There was no defect in the other 
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factors. She was given two units of frozen plasma (200 ml.) and within four 
hours the oozing from the abdominal wound ceased, the fibrinogen rose to 210 
mg. per cent and the fibrinolytic activity disappeared. She has continued 
without further bleeding since that time. 


DISCUSSION 


An evaluation of the control of bleeding and the clotting of blood is difficult 
and interpretations are fraught with danger. There are many factors involved, 
and there is lack of common acceptance of all the factors. Terminology for 
these factors varies markedly. The close interrelationships of these clotting 
elements, so that deficiency in one will disturb measurement of others, and the 
differences of opinions among authorities about their modes of action, only 
add to the confusion. 

Practically all known clotting factors have been implicated as the causes 
of hemorrhage during surgery. A deficiency of platelets either in number or 
function has been incriminated.’* 7° °° After a single transfusion there is a 
decrease in platelets’® ** and it has been thought that this fall would be sufficient 
to produce bleeding after massive transfusions.” 

High citrate concentration has also been thought of as a factor.’ Levels 
as high as 7.3 meq. per liter have been reported during shock, and we have 
found much higher levels. Seven and three-tenths meq. per liter of citrate is 
enough to bind all ionized calcium and so prevent coagulation. The lack of 
tetany, however, is strong evidence that ionized calcium is present. We have 
given calcium to all patients (10 ¢.e. ealeium chloride with each 2 pints of 
blood) and have followed many cases with electrocardiograms to observe 
early changes. Calcium deficiency has not been a major factor in our eases. 

It is obvious that patients with abnormalities in the clotting mechanism 
such as afibrinogenemia, prothrombin and prothrombin accessory or precursor 
factor deficiencies, hemophila, and other similar abnormalities would bleed 
excessively during surgery, but these are rare diseases and none are included 
in our group of cases. 

A deficiency in fibrinogen has been found consistently with hemorrhage 
in obstetrical accidents such as abruptio placentae and amniotic fluid embo- 
lism.*? It is difficult to determine in some reported cases if this was the only 
defeet present. Whether the deficiency in fibrinogen is due to its being de- 
stroyed, or to its being used up in intravascular clotting by an excess of thrombo- 
plastin, is difficult to establish. Most authors tend to aecept the latter opinion. 
Perhaps both mechanisms are involved. 

Abnormal proteolytic and fibrinolytic activity of the blood have been 
reported in a variety of clinical situations (shock,”! hemorrhage,*’ severe burns,** 
transfusion reactions,” *° post-mortem after severe trauma,*! during and after 
surgery,® 1* 14 with exercise and with severe stress’’). It has also been reported 
in eases of carcinoma of the prostate,*? frequently with severe hemorrhage, 
and in other types of carcinoma and leukemia.°® 

MacFarlane" reported fibrinolysis (measured by a dilution technique) after 
operation in 75 per cent of the cases, but there were no bleeding complications, 
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Sporadic reports have appeared of its occurrence particularly in thoracic,» *® * 
pancreatic,*®> and gynecologic®® surgery, and it has been considered the cause 
of hemorrhage and death in many of these cases. It is of interest that the 
lung and uterus are known to contain kinase for profibrinolysin and the 
panereas is an active source of proteolytic enzymes. Fibrinolysis of some degree 
has also been reported preoperatively, probably related to alarm reaction and 
fear.’* It has been shown that proteolytic activity is increased by these same 
factors, and adrenal hormones.‘ Unfortunately many investigators have de- 
pended entirely on lysis of the patient’s own clot in vitro as an estimate of 
fibrinolysis. This we feel is undependable since one is dealing with an ex- 
tremely complicated substrate and it is particularly subject to error with low 
fibrinogens which are frequently present in these conditions. Excessive clot 
retraction even with a normal fibrinogen, and certainly with a low fibrinogen 
could fool all but the most discerning and even these may be misled if an end 
point of anything but complete dissolution of the clot is used. 

We have observed patients with active lysis of their own whole blood 
clot whose plasma would not lyse a normal clot or a mixed elot, and which 
had no euglobulin fibrinolytic activity. 

The correlation, in our eases, between fibrinolytic activity, decrease in 
fibrinogen, and active oozing is an interesting one. The fact that patients 
with fibrinolytic activity alone or low fibrinogen alone did not bleed actively 
is undoubtedly of significance. It may be simply that the patients with 
fibrinolytie activity alone did not develop it early enough in the operation to 
produce the other effects since in these it did come nearer the end of the 
operation. It is entirely possible that except for very excessive changes 
cessation of the operation with wound closure is sufficient to give control of 
bleeding. This would be confirmed by our work in animals with plasmin where 
fibrinolytic activity is produced by injection of plasmin, which is followed 
by a depressed fibrinogen and oozing, but this always ceases with wound 
elosure after the injection has been stopped. 

It may also be of significance that 2 patients with carcinoma of the 
prostate with hemorrhage studied by us had both fibrinolytie activity and 
low fibrinogen levels. In one the fibrinogen concentration was temporarily 
increased by administration of fibrinogen. Hemorrhage ceased temporarily 
but recurred after the fibrinogen returned to the low level. In the second ease 
treatment with stilbestrol resulted in cessation of bleeding associated with a 
decrease in fibrinolysis and a moderate rise in fibrinogen. 

The patients treated with lyophilized frozen plasma in adequate amounts 
also showed a definite rise in fibrinogen and decrease in fibrinolysis except 
for the patient who died and one hepatectomy patient. This was shown 
particularly well in a postoperative patient (T. E., Table II; see above) 
not among the 55 patients studied during operation. Frozen plasma also 
supplies antiplasmin which probably helps to control the fibrinolytie activity 
and by this mechanism the destruction of fibrinogen and the oozing. 

One ean only speculate concerning the causative mechanism of these 
changes and their relationship. It is possible that the fibrinogen is used up 








Volume #8 HEMORRHAGE DURING AND AFTER OPERATION 49 
in an attempt to stop bleeding by clot formation and is not replaced by bank 
blood. However, we have found low but adequate amounts of fibrinogen in 
bank blood. It is conceivable that thromboplastin is freed by tissue trauma 
and results in intravascular clotting with utilization of the fibrinogen. This 
has been suggested as the mechanism in obstetrical accidents. Neither of these 
theories explains the appearance of fibrinolysis unless it is produced to lyse 
the clots formed. This seems unlikely to us. 

We prefer to think that the increase in fibrinolysin is the primary change 
and our graphs tend to show this. Adrenal stimulation by anxiety, anesthesia, 
and surgical trauma is probably responsible for part of the fibrinolytic’* and 
proteolytic? enzyme activation, and the freeing of tissue kinases is undoubtedly 
also a factor, In theory this fibrinolysin then destroys the fibrinogen in the 
circulation and combined with the use of fibrinogen in an attempt to stop 
bleeding by clot formation causes a fall of fibrinogen to the low levels. The 
low fibrinogen prevents gocd clot formation and the high fibrinolysin rapidly 
lyses these clots and bleeding ensues or continues. With the cessation of 
operative trauma, the activation of fibrinolysin ceases and the normal body 
mechanism quickly produces a_ balance. 

This theory is supported by experimental work in the rabbit’? and in 
the dog® in which a decrease in fibrinogen with tissue trauma was observed. 
Our own studies with intravenous injection of plasmin (fibrinolysin) in ani- 
mals have revealed a definite fall in fibrinogen with oozing which ceases with 
cessation of plasmin injection and closure of the wounds. With small amounts 
of plasmin the fibrinogen returns rapidly to normal, while with very large doses 
and a marked fall in fibrinogen the return to normal is delayed. 

The kinase theory of activation of fibrinolysin has been used to explain 
the bleeding with lung surgery,’ * "° since lung tissue is reported to contain 
much kinase. Unfortunately most of the laboratory studies in these cases has 
been poorly controlled and none of our chest cases have shown fibrinolysis. 
The uterus also has been said to contain much kinase and so might be expected 
to give unusual changes. 

We were tempted to explain the hemorrhagie tendencies on large quantities 
of bank blood, but our changes do not exactly coincide. At the moment we 
tend to the opinion that in general the rate of blood transfusion is correlated 
with the severity of operative trauma. 

There is no evidence in our studies that transfusion reactions or cyanosis 
have been a factor. Indeed, the 2 patients who had one or both of these 
accidents, although they showed fibrinolysis, did not show a fall in fibrinogen 
or bleeding. 

The preoperative status of the patient is undoubtedly of importance, as 
well as the operative process. The preoperative levels of fibrinogen and other 
clotting factors and the storage of fibrinogen as well as ability to metabolize 
it are undoubtedly of importance and must be studied in the future. Anti- 
plasmin levels before operation, and during the procedure may also be of 
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significanee. A high antiplasmin concentration may be of value in preventing 
and controlling fibrinolysis and must be studied more thoroughly in the future 
This is a continuing study and more complete data will be available. 


SUMMARY 


1. The clotting mechanisms of 55 patients undergoing major surgery were 
studied before, during, and after operation. Eight of these patients were found 
to have excessive oozing from the wound at some time during the procedure 
and all of these patients had fibrinolytic activity in the blood associated with 
low plasma fibrinogen in all but one ease. 

2. In the nonoozing group of 47 patients major surgery produced a 
moderate drop in plasma fibrinogen, and changes in other clotting factors simi- 
lar to those in the oozing group. Four patients showed significant fibrinolytic 
activity, without oozing. Three of these had no decrease in fibrinogen level. 

3. Of the 12 patients found to have fibrinolytic activity, 8 had excessive 
clinical oozing. In the other 4, one suffered from anoxia during difficult 
anesthetic induction and one had an allergic type of blood transfusion reaction. 

4. One of the 8 patients with excessive oozing at surgery expired. Two 
other patients who died because of uncontrollable generalized oozing at surgery 
from the operative area with very low fibrinogen and high fibrinolytie activity 
are also reported. 

5. The rational therapy of patients with such oozing syndromes is re- 
viewed and various agents available are evaluated. 

6. The mechanisms of production of oozing and methods of control are 
discussed. 
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DISCUSSION 


DR. STANLEY R. FRIESEN (Kansas City, Kan.).—I wish to discuss this paper 
because this work which Dr. Cliffton and his associates have been carrying out represents 
good basic hematologic investigations into the difficult and obscure problem of uncontrollable 
bleeding. I am convinced that abnormal bleeding may occur during and following surgical 
operations from a number of causes, among which is the generalized oozing due to a 
hemolytic transfusion reaction after administration of blood incompatible in either the 
major or minor blood groups. Clinical studies, such as these, are difficult to control because 
of the ever-present variables in patients, such as duration of operation, type of anesthesia, 
presence or absence of shock, liver disease, and of course the urgency for treatment. For 
these reasons we took the problem to the laboratory after our initial observations that 
hemolytie transfusion reactions seemed to be associated with this hemorrhagic diathesis in 
surgical patients. Our first animal experiments involved repeated injections of pooled blood 
of mongrel dogs into purebred dogs. These studies showed an increase in a heparin-like 
substance. In order to more closely simulate hemolytic reactions which occur in patients, 
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we later produced typical transfusion reactions by the method of iso-immunization described 
After sensitizing A-negative dogs to the specific type of blood 


by Young and his associates. 
If the antibody titer is elevated, 


from A-positive dogs, a challenging infusion is given. 
a hemolytic reaction occurs which is associated with abnormal wound bleeding and a poor 
elot. As shown in the slides, the prominent findings are a significant reduction in circulating 
platelets and in fibrinogen. We were unable to confirm in these experiments the elevation 
of protamine titration (heparinoid substance) which we noted in the early experiments on 
purebred dogs. 

Recently my attention has been called to two patients with severe abnormal bleeding 
during operation. The intravenous injection of 100 mg. of hydrocortisone appeared to be 
associated with a cessation of abnormal bleeding in each instance. We are studying the 
effect of Cortisone on isoimmunized dogs with hemolytic transfusion reactions in the laboratory 


at the present time. 


DR. SAMUEL R. POWERS, JR. (Albany, N. Y.).—We have also been interested in 
this problem and there are two observations I would like to mention and one question | 
would like to ask Dr. Cliffton. We noted that if the red cells were separated from the 
blood of a normal dog and these cells were then lysed in distilled water, that the filtrate from 
such a preparation, when added back to the dog’s plasma, induced considerable fibrinolytic 
activity. Since the filtrate itself had no proteolytic properties we concluded that some type 
of plasmin activator is present either on or in red cells. The second observation leads to the 
question I wish to ask. We were attempting to activate canine plasminogen by the injection 
of a purified preparation of staphylokinase in vivo. We found that proper doses would 
render the dog’s blood totally incoagulable and that subsequent analysis revealed an almost 
total afibrinogenemia. In spite of this we were unable to find evidence of proteolytic 
activity by the euglobulin technique. The question I wish to ask is whether fibrinolysin 
is not preferentially a fibrinogenolysin and that therefore in small concentrations it is the 
destruction of fibrinogen which is important in the production of bleeding tendencies. 

On this assumption we have treated several patients with large amounts of fibrinogen 
as well as serum albumin with gratifying results. We wonder if Dr. Cliffton has any data 
as to the preferential action of plasmin on fibrinogen. Thank you very much. 


DR. IVAN BROWN, JR. (Durham, N. C.).—I wish to thank the Society for the 
privilege of the floor to discuss Dr. Cliffton’s interesting paper. For a number of years, 
we have been interested in this problem, particularly as related to incompatible blood 
transfusion. We have reported studies in dogs similar to those that Dr. Friesen has just 
mentioned. We have found that only one or two of the canine blood group factors give 
rise to sensitization that produces a bleeding tendency and poor blood coagulation on 
transfusion of dog red cells containing the incompatible antigen. We have studied 
practically all the recognized coagulation factors including thromboplastin precursors, anti- 
thromboplastin, fibrinogen, circulating anticoagulants and heparin-like substances and such 
labile factors as AHG and prothrombin accelerators. However, the only significant and 
consistent alteration we have noted is an immediate drop in the platelet count to hemorrhagic 
levels. This acute and immediate thrombopenia has usually occurred within fifteen seconds 
after transfusing the sensitized recipient dog with as little as 2 to 3 «ec. of fresh incom- 
patible dog red cells which had been washed with 6 changes of isotonic saline solution to 
remove any donor plasma factor. Platelet counts performed by phase microscopy were found 
to drop to 1000 or less per cubic millimeter returning to normal only after thirty to forty- 
five minutes, the duration of the clotting defect and thrombopenia depending on the volume 
of incompatible red cells administered. Quantitative prothrombin consumption curves de- 
termined at the same time were typical of those seen in severe thrombopenia or lack of 
adequate thromboplastin generation (hemophilia). When our blood fractionator became 
available allowing us to separate and concentrate platelets, we turned these experiments 
around and were able to correct this coagulation defect both in vitro and in vivo by platelet 
transfusions. We have not been impressed with the inconsistent depression of fibrinogen 
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levels in our dogs, as these levels have always remained well within the normal range. We 
feel that the bleeding tendency and blood coagulation defect accompanying incompatible 
blood transfusion reactions are primarily due to acute, temporary platelet deficiency and 
can be reversed by platelet transfusion. 


DR. EUGENE E, CLIFFTON (closing ).—i’m afraid 1 can’t answer many of the ques- 
tions. We have found some things that I think agree with what has been mentioned about the 
fibrinolytic blood reaction. For instance, in the prostate patients, we found that the 
patients who ooze have whole blood clot lysis but they do not have euglobulin fibrinolytic 
or proteolytic activity and we have subsequently proved that there is something necessary 
in the clotting of blood. This is probably the platelets and destruction of the platelets in 
the clotting mechanism that alter the fibrinolysin which is the important factor. These 
patients continue to ooze until that is controlled. You can control it by giving them more 
fibrinogen or frozen plasma temporarily. However, if they have continued activity, in 
spite of the fact that we could not measure any proteolytic activity, fibrinogenolytic activity, 
or fibrinolytic activity by purified euglobulin fractions, theoretically these patients will 
destroy the fibrinogen that you give them much more rapidly than normal. 

To answer Dr, Powers’ question, [ agree completely that this is a fibrinogenolytic 
material as well as a fibrinolytic material. I do not know what the preference is. You 
get so involved with your measuring materials, bovine clots always contain some form of 
lysin, and you may be adding activator rather than fibrinolysin. I think we must stay 
simple at the moment on this until we can get more purified material to work with. We 
thought we had purified plasmin for a while, but we are finding out that this is really 
largely activator because you can activate the proteolytic activity of our purified plasmin 
with very small amounts of streptokinase but the activator part of it takes relatively 
large quantities so we don’t have as pure a material as we thought we had. 








CONSTRICTION OF THE MITRAL ANNULUS IN THE CORRECTION 
OF CERTAIN TYPES OF MITRAL INSUFFICIENCY AND AS AN 
AID IN BY-PASSING THE LEFT VENTRICLE 


FERDINAND F', McALuistEr, M.D., AaNp Hucu F. Firzparrick, M.D., 
New York, N. Y. 
(From the Department of Surgery, College of Physicians and Surgeons, Columbia University 
and the Surgical Research Laboratory, St. Luke’s Hospital) 


|‘ 1946 a technique was developed in dogs for constricting the mitral valve 
with a purse-string ligature in order to produce mitral stenosis. In August, 
1954, while operating on a poor-risk patient with mitral disease, erroneously 
thought to be mitral stenosis, this technique was employed as a desperation 
measure to correct a marked degree of mitral regurgitation due to dilatation 
of the annulus. The immediate and late results in this patient were encourag- 
ing enough to renew investigation of this technique. Accordingly, a series of 
dogs was prepared to determine the fate of the constricting ligature. In addi- 
tion, studies were made on dogs using this ligature as a temporary device to 
trap the pulmonary venous blood in an atrial reservoir whence it could be 
pumped into the subelavian artery in order to by-pass the left ventricle. 
Finally, a few experiments were performed using this technique in combina- 
tion with catheterization of the venae cavae and pulmonary artery to by-pass 
both ventricles using the animal’s own lung as an oxygenator. 


METHODS 


Three methods were used for inserting the ligature to constrict the mitral annulus. 
The first of these consisted of inserting a malleable needle into the superior aspect of the 
right atrium beneath and adjacent to the aorta at the dimple marking the interauricular 
septum, and then bringing the needle out through the inferior aspect of the right atrium, 
medial to the inferior vena cava and just superior to the coronary sinus. The two ends 
of the tape thus introduced were brought out to the left and then tied in the atrio 
ventricular suleus inferior to the left auricular appendage and the left pulmonary veins. 
The second and the best method was similar to the first (Fig. 1) except that the needle was 
passed from below upward using a Davila needle for this purpose. The third method con- 
sisted of developing the plane between the right and left atria as far as possible and simply 
laying the ligature in the apex of the groove between the atria, then bringing the superior 
end out to the left beneath the superior vena cava and through the transverse sinus while 
the lower end was passed deep to the inferior vena cava and then to the left, inferior to the 
pulmonary veins. The two ends were tied as before in the atrioventricular suleus. Ordinary 
cotton umbilical tape was employed for the tie. 

Ten dogs were prepared with simple partial constriction of the annulus in order to 
determine the fate of the ligature. Four of these were sacrificed from two to four months 
after insertion of the tape and the position of the ligature was inspected. 


A portion of this work was performed at the St. Francis Hospital and Sanatorium for 
Cardiac Children, Roslyn, New York. 
1956 Read at the Meeting of the Society of University Surgeons, Indianapolis, Ind., Feb. 9-11, 
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Twenty dogs were subjected to open operation on the left ventricle, by-passing that 
chamber alone. This was achieved by catheterizing the left atrium and the left subclavian 
arteries and then inserting the constricting ligature by one of the previously described 
methods. A Sigma motor pump? was set at between 70 to 90 ¢.c. per kilogram of dog 
weight and the blood was pumped from the left atrium to the subclavian artery as the 
mitral annulus was constricted. Twenty-five mg. of heparin was used to prevent clotting. 
A generous incision was made in the left ventricle near the apex and the mitral valve was 
exposed. The ventricle was opened for periods of five to eight minutes, then it was filled 
with saline solution and sutured with 2-0 silk. The constricting ligature was released and 
the animal was removed from the pump. A neutralizing dose of protamine was given at 
the end of the procedure. 





Fig. 1.—Technique of insertion of the ligature for constricting the mitral annulus. A. 
The apex of the heart is elevated and the needle is inserted into the right atrium just 
medial to the inferior vena cava and superior to the coronary sinus ostium. B, The needle 
is passed superiorly and anteriorly in the right atrial chamber to emerge adjacent to the 
dimple marking the interatrial septum and beneath the aorta. CC, The lower end of the tape 
is brought out to the left posterior to the heart and inferior to the left inferior pulmonary 
vein, The upper end of the tape is brought out to the left through the transverse sinus and 
is carried inferior to the left auricular appendage. The interatrial septum is thus com- 
pletely embraced by the tape. D, The two ends of the tape are tied in the atrioventricular 
sulcus to produce constriction of the mitral annulus. 


Five dogs were subjected to open operation on the left ventricle, by-passing the whole 
heart, using the dogs’ own lungs as an oxygenator. This was achieved by catheterizing 
the venae cavae and pulmonary artery as well as the left atrium and the subclavian 
artery. Using the Sigma motor pump with flows set at approximately 20 c.c. per kilogram, 
the blood was withdrawn from the venae cavae, pumped into the pulmonary artery, with- 
drawn from the left atrium as the constricting ligature was tightened, and pumped back 
again into the subclavian artery. Heparin and protamine were used as described above. 
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RESULTS 

In the 4 dogs examined thus far the cotton tape was found to be well 
imbedded in the interatrial septum and the atrioventricular groove and that 
portion which was intracardiac in the right atrium was completely endothelial- 
ized. The ligature was located 3 to 4 mm. above the true annulus, but carried 
the annulus with it in its constricting effect. Fig. 2 is a representative photo- 
graph showing the constricted atrium as seen from the left atrium. 

Of the 20 dogs subjected to by-pass of the left heart alone, 12 survived the 
immediate procedure, but 3 subsequently died in their cages, presumably of 
hemorrhage. Thus, 9 survived without apparent ill effect. Of those that died 
on the table, a frequent cause of failure was collapse of the tubing with right 
heart distention, cyanosis of the right ventricle, ventricular fibrillation, and 


. 





Fig. 2.—A partially constricted annulus as seen from the left atrium four months following 
insertion. The tape has not cut through and is endothelialized. 


death. This appeared in all 5 of the dogs in which the constricting ligature was 
inserted by the third method, that is, dissecting up the plane between the two 
atria. Although inspection failed to reveal any site of obstruction to the pul- 
monary veins, it seemed likely that this technique partially occluded the pul- 
monary venous return, resulting in the sudden build-up of back pressure in the 
right heart and inadequate return of blood to the left atrium causing collapse 
of the pumping mechanism. In one instance cyanosis of the right ventricle 
occurred simply after dissecting up the plane between the two atria before 
any constriction of the annulus, and it may be that there is some way in which 
this dissection interferes with oxygenation of the right ventricle. Inspection 
of the right coronary artery failed to reveal any compression or obstruction. 

Five dogs were subjected to the total by-pass of the heart using the 
animal’s own lung as the oxygenator. Two dogs survived the immediate proce- 
dure, but one of these died forty-five minutes later. Two deaths were due 
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to inaccurate placement of the constricting ligature with excessive blood loss 
at the time of opening of the heart. The third death was due to recurrent 


ventricular fibrillation. 
DISCUSSION 

This method of constricting the mitral annulus differs from that described 
by Davila and his associates’ in that it involves the atrium alone, whereas their 
technique involved the ventricular wall inferior to the atrioventricular suleus. 
It seemed to us that it might not be necessary to include the ventricular wall 
since pathologie studies of the annulus in cases of advanced mitral insufficiency 
associated with a dilated ring exhibit a herniation upward and outward of the 
annulus, so that it tends to lie superior to the coronary sinus. Hence, this con- 
striction of the atrium at this level should be sufficient to carry the annulus 
with it. Clinically, the type of suture we have described is applicable only to 
those cases where the mitral insufficiency is associated with a marked enlarge- 
ment of the atrioventricular ring. Where mitral insufficiency is associated with 
fixed deformity of the valve, constriction in this fashion is not helpful. Two 
additional cases may be reported at this time as illustrative of this point. The 
first was a 37-year-old man in extremis from mitral insufficiency, who was 
finally operated upon after several months of hospitalization. He did not sur- 
vive the induction of anesthesia and had to be resusitated by cardiae massage. 
After resusitation a tape was quickly placed about the annulus and a finger 
inserted into the atrium through the auricular appendage. As the ligature 
was tightened, the valve function became completely competent and the 
regurgitant jet completely disappeared. Unfortunately, due to the duress of 
the situation, this ligature was not accurately placed and the upper portion of 
it coursed for a centimeter or two through the left atrial chamber and entered 
the right atrium through the interatrial septum. In the postoperative course 
the patient did remarkably well and the harsh, loud systolic murmur completely 
disappeared. On the eighth postoperative day he succumbed abruptly to a 
pulmonary embolus, originating at the site of perforation of the interatrial 
septum. Had this suture been accurately placed this patient would doubtless 
be alive with an excellent result. Another patient, a Group III cardiac, was 
found to have a moderately advanced mitral insufficiency, due to marked de- 
pression and deformity of the posterior aspect of the mural leaflet. The latter 
was calcified and sunk well down into the ventricular chamber by foreshortened 
chordae tendineae. Annular constriction was attempted in this ease but due 
to the fact that the site of deformity was well down in the ventricle, constric- 
tion at the annulus made no difference in the left auricular pressure tracing. 
Accordingly, the ligature was removed. 

This is a very small number of dogs and a very short follow-up as regards 
the fate of the constricting ligature, and many more will be prepared. Further, 
it will probably be desirable to study different materials such as Dacron, nylon, 
and other plasties. 

The by-pass of the left ventricle alone is a very simple and speedy proce- 
dure and permits exposure of the mitral valve for sufficient periods to attempt 
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insertion of various replacements. This approach might ultimately prove 
practical in the human where, with the larger atrium, one might be able to 
constrict proximal to the appendage and perform open surgery through the 
latter, rather than resorting to opening the left ventricle. It has the disadvan- 
tage of the necessity of circulating large volumes of blood almost equivalent 
or equivalent to the estimated cardiac output. An additional disadvantage 
of the technique is that complete reliance is placed upon the right ventricle for 
maintenance of flow. However, Jamison and associates® have shown that per- 
feetly adequate perfusion flows can be maintained with a defunctionalized right 
ventricle. 

As far as the total by-pass of the heart goes, this technique is doubtless in- 
ferior to others employing oxygenator systems. The reason for this is that the 
number of catheterizations required makes it rather cumbersome, and in order 
to maintain adequate flow, one must deliver blood to the pulmonary artery at 
elevated pressures. Furthermore, this method could not be used in interatrial 
septal defect or any situation associated with an atretic pulmonary artery. On 
the other hand, there are certain inherent difficulties associated with the use 
of oxygenators and it may be worth while continuing to explore the possibility 
of utilizing the animal’s or patient’s own lung as an oxygenator. After all, 
it is probable that no oxygenator can equal the autogenous lung. 


SUMMARY 


1. A technique is presented for producing annular constriction of the mitral 
ring. The fate of the suture has been followed for up to four months and is 
still under study. 

2. Constriction of the mitral ring has been employed in 20 dogs as a means 
of trapping blood in the left atrium whenee it could be withdrawn and pumped 
into the arterial system, thus by-passing the left ventricle. This technique 
permitted successful left ventriculotomy in 9 instances with survival. 

3. This same technique in combination with catheterization of the venae 
cavae and pulmonary artery has permitted total by-pass of the heart, using the 
animal’s own lungs as oxygenators. In 2 out of 5 experiments this permitted 
successful left ventriculotomy, but there was only one permanent survival. 

The assistance of Dr. Ellsworth E. Wareham and Dr. Shivaji B. Bhonslay is gratefully 
acknowledged. 
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THE SURGICAL TREATMENT OF MITRAL INSUFFICIENCY WITH 
PARTICULAR REFERENCE TO THE APPLICATION OF A 
VERTICALLY SUSPENDED GRAFT 
WittiAM W. L. GLENN, M.D., THomas O. GeNtscH, M.D.,* MicHarL Hume, 
M.D.,** anp Pau. H. Gui.roii, M.D.,*** New Haven, Conn. 


(From the Department of Surgery, Yale University School of Medicine) 


HIS communication is a progress report on the use of a transchamber, 

vertically suspended, intracardiae graft in the treatment of mitral in- 
sufficiency. In previous reports** we have ealled attention to the back- 
ground of this and other major concepts in the treatment of incompetence of 
the cardiac valves. Since our earlier reports we have made further physio- 
logie and pathologie investigations on the use of the vertically suspended 
graft with particular reference to the basic construction of the graft from a 
synthetic sponge material... This technique for the correction of mitral in- 
sufficiency has been used in 3 patients severely incapacitated by mitral in- 
sufficiency. For apparently technical reasons this method failed to control the 
mitral insufficiency in these patients although it may have lessened it some- 
what. This progress report is presented at this time to stimulate further in- 
terest in this method and at the same time advise caution in its applieation to 
the problem of mitral insufficiency in the patient. 

In earlier experiments we reported the use of a vascularized graft sus- 
pended through the mitral valve orifice. This graft was made from a partially 
detached and functioning segment of internal mammary artery and vein 
enclosed in a section of inverted autogenous vein. These experiments were 
informative in that they demonstrated that a pillar of tissue could be inter- 
posed between the cusps of the mitral valve for periods up to one year without 
major damage to either the valve cusps or to the tissue graft. However, in 
the patient with mitral insufficiency it became apparent that the placement of 
a vascularized pillar of tissue at precise points through the chambers of the 
left heart would not usually be possible. The difficulties arose from the 
enormous size of the left auricle and the variable site of maximum leakage 
through the incompetent mitral valve. 

It had been demonstrated by others® that the ultimate fate of unvascu- 
larized tissue suspended across the chamber of the left ventricle was fibrosis, 
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collagen transformation, shrinkage, and loss of pliability. But it had also 
been demonstrated* that a segment of compressed plastic sponge (Ivalon) 
placed across the chamber of the left ventricle was well tolerated and that the 
invasion by fibroblasts ultimately resulted in complete coverage of the pros- 
thesis. 

To overcome the difficulties of the placement of the vascularized graft, 
we began the study of the vertical suspension of a cylindrical segment of 
[valon sponge between the mitral valve cusps. It appeared reasonable to us 
that the raw sponge might cause more damage to the valve cusps than did 
the tissue grafts previously employed and we therefore elected in some experi- 
ments to cover the intracardiac portion of the raw sponge with tissue, either 
autogenous pericardium or vein, or homologous vein. It was hoped that by 
providing an adequate-sized prosthesis of a plastic material into which tissue 
could grow there would be minimal shrinkage with the passage of time. Also, 
it was hoped that by the provision of tissue coverage to the sponge, valve 
damage would be minimized and thrombus formation on the graft would be 
discouraged. 

METHODS 

Unselected mongrel dogs weighing from 9 to 25 kg. were anesthetized with Nembutal 
and a left thoracotomy performed through the bed of the fourth rib. In some experiments 
physiologic observations were made before and after the production of mitral insufficiency. 
Insufficiency of the mitral valve was produced by severance of several chordae tendineae 
of the mitral valve with a valvulotomy scissor passed through the apex of the left ventricle 
and under the control of a finger passed through the left auricular appendage. 

In the majority of experiments where survival was the object, the operations were 
performed with aseptic technique and no mitral insufficiency was produced. It was the 
purpose of these experiments to determine the tolerance of the heart, and particularly the 
valve cusps, to the prosthesis. To compare the effect on the valve cusps of the raw sponge 
versus a sponge covered with tissue, the sponges in approximately two-thirds of the experi 
ments were covered with tissue, either autogenous pericardium or vein, or homologous vein. 

The compressed sponge was prepared by cutting a longitudinal strip of sponge approxi- 
mately 1.5 em. in diameter and 21.25 em. long from a block of surgical Ivalon sponge 
material.* The sponge was pulled under running water into a glass tube 32.0 em. long with 
an internal diameter of about 0.8 em. Sterilization and fixation of the sponge to the com- 
pressed size were accomplished by autoclaving the sponge in the glass tube container. If 
the sponge was to be covered with pericardium a strip of pericardium was obtained medial 
to the phrenic nerve, sufficiently long to cover the estimated intracardiac portion of a 
sponge inserted through the top of the left auricle to the apex of the left ventricle. The 
pericardium was fixed to the sponge with a continuous suture of 5-0 nylon or 5-0 arterial 
silk. A segment of autogenous vein for coverage of the sponge was obtained by removing 
most of the external jugular vein on the left side. The full length of the vein was first 
pulled onto the sponge under saline solution and then to expose the intimal surface, the vein 
was inverted over a further length of the sponge. 

Prior to insertion of the sponge in the heart 200,000 units of aqueous penicillin were 
infiltrated into the interstices of the estimated intracardiac portion of the sponge. 


*Purchased from the Clay Adams Company, New York, N. Y. 
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Blood pressure was recorded with an electromanometer* and simultaneous electro- 
cardiographie tracings were usually made. In a few survival experiments a small caliber 
polyethylene tube was placed in the left auricle through a branch of the pulmonary vein, 
either at the time of operation or at a separate thoracotomy sometime later. The outer end 
of this tube was sealed and pulled through a small stab wound in the skin of the chest. 
Pressure in the left auricle was recorded in these animals several weeks later before and 
after exercise. 

At the time of sacrifice the animals were heparinized to prevent clot formation in the 
left heart. The heart was then removed and opened through the left auricle and left 
ventricle. The gross appearance of the specimen was recorded and photographs were taken 
of the sponge in situ. Sections for microscopic study were made from the sponge at the level 
of the left ventricular myocardium and at the level of the mitral valves. Sections of the 
mitral valve were taken for microscopic study wherever injury due to contact with the sponge 


was suspected. 
RESULTS 


Physiologic Observations.— 

The influence of the vertical graft through the mitral valve on blood pres- 
sure: In 6 experiments the pressure in the left auricle and ventricle was 
measured under anesthesia with the chest open before and after the insertion 
of a sponge of the diameter noted above. In another experiment, the left 
auricular and left ventricular pressures were measured under anesthesia ten 


TABLE I. Lerr HEART PRESSURE AT THORACOTOMY BEFORE AND AFTER INSERTION OF IVALON 














SPONGE 
| LEFT AURICLE | LEFT VENTRICLE 
EXPERIMENT NUMBER | (MM. Hg) 
54 Before sponge 12/2 130/0 
After sponge 14/3 100/0 
55 ©Before sponge 5/2 135/38 
After sponge 2/1 108/3 
56 ©6Before sponge 6/2 140/10 
After sponge 8/3 105/5 
57 Before sponge 4/-2 180/38 
After sponge 14/2 165/38 
58 Before sponge 5/0 185/0 
After sponge 8/1 175/0 
59 Before sponge 6/4 120/3 
After sponge 4/0 95/4 





months after the insertion of a sponge. In 2 additional experiments the sponge 
had been placed three and eight weeks before the pressure measurements in 
the left auricle were recorded and pressure recordings were made through a 
small polyethylene tube before and after vigorous exercise. In one of the 
experiments where the pressures were measured at the time of insertion of the 
sponge there was a slight rise noted in the pressure in the left auricle. In 
all of these experiments there was a fall in the left ventricular pressure soon 


after insertion of the sponge (Table I). It was not determined whether this 


*Sanborn Company, Cambridge, Mass. 








62 GLENN, GENTSCH, HUME, AND GUILFOIL Pog 2 
fall in left ventricular pressure was due to partial blockage of the mitral 
valve or simply the result of manipulation of the heart incident to the insertion 
of the sponge. 

In neither of the unanesthetized animals (Experiments 49 and 55) was 
there observed an elevation of pressure in the left auricle even after exercise 
(Fig. 1). Left ventricular pressure in these animals was not measured. 
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Fig. 1.—Experiment 49. Sponge in mitral valve, sixty-three days postoperative. There is very 
little change in left auricular pressure following vigorous exercise. 
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left auricular and femoral artery pressure before and after the production of mitral in- 
sufficiency. 


The insertion of the terminal phalanx of the index finger through the 
normal valve orifice (dog) resulted in no significant change in the left auricular 
pressure but in a sharp fall in femoral artery pressure (Fig. 2). The diameter 
of the terminal phalanx of the operator’s index finger was 1.9 centimeters. 
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The contrel of nutral insufficiency by means of a vertical graft: Following 
the production of acute mitral insufficiency the insertion of the index finger 
caused a prompt fall in the pressure in the left auricle and a rise in the femoral 
artery pressure (Fig. 2). 

The insertion of a sponge with a diameter of 0.8 em. in the presence of 
acute, moderately severe mitral insufficiency also caused a decrease in the 
insufficiency as evidenced by a decreased pressure in the left auricle. (Fig. 3). 
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Fig. 3.—Experiment 60. Acute mitral insufficiency. Demonstrating the control of 
insufficiency following the insertion of a sponge prosthesis and the effect of tension on the 


sponge. 
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Tension on the sponge resulted in the return of gross mitral insufficiency with 
a rise in the pressure in the left auricle. After removal of the sponge from the 
left heart, failure of the pressure in the left auricle to rise as high as it was 
prior to insertion of the sponge was probably due to repeated trauma to the 
heart ineident to the insertion and removal of the sponge. 

Pathologic Observations.—With survival as the object in 34 animals, a com- 
pressed cylindrical sponge was placed in the left heart chamber from the dome 
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of the left auricle through the mitral valve and out of the left ventricle usually 
near the apex. Three animals failed to survive the operation due to preventabl 
technical errors either of the respirator or of the operation. Two other animals 
died in the postoperative period, one as a result of poliomyelitis and the other 
as a result of a ball-valve thrombus that formed around the graft in the left 
auricle. The graft in this animal was vein covered in the ventricular portion 
only. This latter animal represents the only failure due to the sponge following 
operation. 

Approximately one-third of the sponges were placed in the heart without 
any tissue coverage. The remaining sponges were covered with an inverted seg 
ment of autogenous vein or pericardium. In three experiments a segment of 
frozen dried homologous vein was used. The animals were sacrificed three to 
three hundred thirty-three days after the sponge was inserted for the purpose 
of studying the local changes consequent to the placement of the sponge within 
the ehambers of the left heart and between the mitral valve cusps. 

We had observed in our earlier series of experiments with the vaseularized 
grafts’ one incident of bacterial endocarditis and one probable cerebral embolus. 
In this group of experiments there was no evidence of local or systemic bacterial 
infection and no arterial embolus was recognized in any animal. There was no 
case of delayed hemorrhage or wound complication. 

Electroecardiographie studies were made in 11 experiments before operation 
and on one or more oceasions postoperatively after insertion of the sponge. 
Minimal changes suggestive of pericarditis were observed in some experiments 
in the early postoperative period. In one animal there was suggestive evidence 
of right ventricular hypertrophy by the electrocardiogram, but no unusual 
findings were observed at post mortem. 

Myocardium and valve cusps: No gross changes in the myocardium were 
observed. During the first two weeks after the sponge was inserted, however, 
there were areas of necrosis seen microscopically in the musele around the 
sponge at the site of exit through the left ventricle. In 2 experiments a small 
‘‘contact lesion’’ was observed in the ventricular endocardium, apparently the 
result of loeal trauma by a fixed portion of the sponge. 

Where the valve cusps made direct contact with the sides of the sponges 
there were, in most experiments, varying degrees of thickening and beading 
of the edges of the valve due to edema and round-eell infiltration. Local areas 
of hemorrhage in the valve at the point of contact with the sponge were com- 
mon. These changes were far more frequent with the plain sponge than with 
those covered with tissue. In only one case was there gross or microscopic 
evidence of ulceration of a valve cusp. 

Sponges: A gross and microscopic examination was made of the heart in 
all of the 31 animals surviving operation. For purposes of comparison of the 
effect of the uncovered sponge with the tissue-covered sponge 3 animals, one 
with a plain sponge, one with a pericardium-covered sponge, and one with a 
vein-covered sponge were sacrificed on identical postoperative days or, in the 
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Number I 


M i. 
PERICARDIUM 





7 to 59. Three days after insertion of Ivalon sponge in left heart. 
See text. 


Fig. 5.—Iexperiments 5 
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Fig. 6.—Experiments 54 to 56. Two weeks after insertion of Ivalon sponge in left heart. 
Note fibrin formation on pericardial covered graft. 
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uly, 1956 
case of the long term survival animals, near the same time (Figs. 5 to 8). The 
findings from the other animals sacrificed, but not specifically at these times, 
are considered in the analysis of the pathologie data. 








PERICARDIUM 


Fig. 7.—Experiments 28, 50, and 33. Six weeks after insertion of Ivalon sponge. See text. 


PLAIN PERICARDIUM 





Experiments 37, 39, and 41. Approximately eight months after insertion of Ivalon 
sponge. 


Fig. 8. 





Usually 2 or more sections of each sponge were taken for examination. 


One of these was a cross section at the level of the mitral valve and the other 
a sagittal section at the ventricular end of the sponge. 
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Plain (uncovered) sponge: Three days after implantation the plain un- 
covered Ivalon sponge appeared quite smooth, having been penetrated and 
covered with acellular fibrin. A moderate degree of inflammatory reaction 
was seen in the muscle adjacent to the sponge and scattered inflammatory 
cells were present in the sponge interstices. There was some necrosis of the 
myocardium at the site of fixation of the graft to the left ventricle. 

Two weeks after insertion of the sponge, the inflammatory reaction was 
minimal and the necrotic myocardium had been replaced by fibrous tissue. 
There was a beginning of fibroblastic invasion of the fibrin on the sponge 
surface at all levels. Ingrowth of fibroblasts into the sponge was noted at the 
intramuscular part of the sponge. 

The fibroblastic process continued so that after six weeks the outer fibrin 
layer was completely replaced by fibrous tissue and proliferating fibroblasts. 
This was accompanied by a fibroblastic ingrowth into the sponge of a minimal 
degree at the valve level but nearly complete at the myocardial level. Fibro- 
blastic proliferation was also occurring centrifugally producing an increased 
thickening of the covering tissue layer. Evidence of inflammation was mini- 
mal. The outer surface of tissue covering the sponge closely resembled endo- 
thelium. Capillary ingrowth was present in the myocardial part of the 
sponge, but was confined to the superficial covering in the remainder of the 
sponge. 

After eight months the fibroblastic ingrowth into the sponge was complete 
at the level of the left ventricle. At the level of the valve there was deep 
invasion of the sponge by fibroblasts. The covering had become a condensed 
and fibrous connective tissue with an endothelial coating. The covering layer 
of tissue was complete except at the valve level where a few areas of sponge 
remained exposed. Capillaries deeply invaded the sponge at all levels. In- 
flammation was absent, but there were giant cells with phagocytosed particles. 

The eleven-month specimen again showed a condensed fibrous tissue layer 
over the sponge with a few cellules of sponge uncovered at the level of the 
valve. Ingrowth in this specimen was complete with capillaries at the level 
of the musculature, but still incomplete in the transchamber sponge. Giant 
cells were present at the muscular attachment of the sponge and there was a 
calcifying thrombus at the auricular end of the sponge. 

Sponge covered with autogenous pericardium: The three-day pericardium- 
covered sponge microscopically showed fibrin infiltration in the sponge inter- 
Stices with added layering of fibrin under and on the surface of a slightly 
swollen pericardium. The pericardium appeared viable, but no fibroblastic 
growth was evident. There was a moderate inflammatory reaction in the 
adjacent myocardium and endocardium with some muscle necrosis. Blood 
vessels in the pericardium were without intraluminal blood. 

After two weeks, a fibroblastic ingrowth into the sponge and outgrowth 
into the fibrin around the pericardium were evident. Fibroblastie ingrowth 
into the sponge was greater than in a comparable plain sponge, but the 
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surface thrombi were not completely organized and the surface of the peri 
‘ardium was ragged. The pericardium appeared viable except for spotty 
areas of hyalin changes and edema at the ventricular end. There was a littl 
residual acute and chronie inflammation. 

Increased invasion of the sponge with fibroblasts was evident in the six- 
week specimen along with a complete organization of the surface thrombi 
No fresh thrombi were seen and the surface was covered with an endothelia| 
eoat. Inflammatory reaction was minimal, but many giant cells were seen 
with ingested pigments. The pericardium was identifiable as a distinet fibrous 
layer and several small areas of calcium deposits were seen at the valve level. 
Capillary ingrowth was present. 

At eight months the connective tissue covering had eontracted and had 
hecome relatively acellular. Proliferation of fibroblasts was absent and the 
sponge was completely invaded with fibrous tissue. Deep capillary penetra- 
tion was present and there was surface endothelialization. There were distinct 
remnants of viable pericardium and pericardial fat at the myoeardial end of 
the sponge, but the remainder of the pericardial graft could not be dis- 
tinguished from the new fibrous cover. Some giant cells were again noted. 

Sponge covered with autogenous vein: Microscopie examination of the 
three-day vein-covered prosthesis showed very little fibrin in the sponge inter- 
stices and very small mural thrombi on the vein surface. The vein appeared 
viable and no fibroblastic proliferation was seen. The inflammatory reaction 
and necrosis in the adjacent myocardium was similar to that in the previous 
groups. The surface was smooth and denuded of endothelium. 

Vein viability was also present in the two-week specimen, but at this 
time there was fibroblastic proliferation into the sponge at all levels although 
most markedly at the myocardial ends. There was also an outward prolifera- 
tion of fibroblasts in the subendothelial layer of the vein. Small organizing 
thrombi were present at the myocardial end. The inflammatory reaction had 
subsided. 

At six weeks the inflammatory reaction was minimal and a consolidation 
of the connective tissue covering had occurred with decreasing fibroblastic 
proliferation. Ingrowth of fibroblasts into the sponge was progressing along 
with early superficial capillary invasion. The vein structure could not be 
identified from the new fibrous tissue except for the elastic fibers that remain 
intact. Endothelium covered the surface of the prosthesis. 

The tissue ingrowth and eapillary invasion was complete at the end of 
eight months. The vein was distinguishable from the heavy fibrous coat only 
by a compact layer of elastic fibers. Some ealeium was present in the sponge 
interstices. 

Sponge covered with homologous vein: The nine-week specimen of a par- 
tially covered sponge showed a hyalin-staining, fragmented, acellular covering 
over the ventricular part of the sponge and the elastic fibers appeared somewhat 
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swollen and fragmented in several areas. A moderate acute and chronic inflam- 
matory reaction was seen at both muscular attachments. The uncovered end 
was layered with fibrin and fibroblasts whereas there was a large thrombus at 
the covered ventricular end with minimal organization of its surface. There 
was no tissue ingrowth in the free sponge. A sharp line of demarcation was 
seen between the vein and uncovered prosthesis. 

At sixteen weeks the acellular hyalin was still present immediately sur- 
rounding the sponge and an intact elastic layer was present. However, there 
was a condensed area of fibrous tissue external to this with some areas of 
outward proliferation of fibroblasts. An endothelial covering was present, 
but there was only a minimal ingrowth of tissue into the sponge except for 
the intramuscular portions. Inflammation was absent. 

After eleven months the acellular hyalin layer was still seen and little 
or no tissue ingrowth had occurred except at both ends. The outer fibrous 
tissue coating was quite compact and covered with endothelium, with thinning 
at the valve level. A layer of elastic fibers was still present. 


CLINICAL APPLICATION 


On the basis of our experiments with the use of a vertically suspended 
graft beginning in 1952° and aided by the report of Johns and Blalock* con- 
cerning the experimental use of an Ivalon sponge across the left ventricle, we 
decided to cautiously apply this technique to a few patients severely disabled 
with mitral insufficiency. A transchamber, vertically suspended, intracardiac 
graft of Ivalon sponge has been used in three patients. The degree of cardiac 
enlargement in the 3 patients in whom this operation was done can be seen 
in Fig. 9. In one other patient, operated upon in January, 1955, it was hoped 
to apply a graft constructed entirely of autogenous tissue. Ventricular 
fibrillation developed during exploration of the mitral valve and before a 
graft could be inserted. These procedures were undertaken with knowledge 
of the hopelessness of other measures for the control of intractable congestive 
failure in these patients due to mitral insufficiency. 

CasE 1—(GNHCH No. 034877) This 32-year-old white man was dyspneic on slight 
exertion since 1946. Because of cardiac failure, he stopped work in 1949. In 1951 an 
exploration of the mitral valve was done at another hospital and free insufficiency without 
significant stenosis of the valve was found. At the time of the present admission, the 
patient was a wheel-chair invalid, suffering from dyspnea and wheezing at rest, 

An operation was performed on Feb. 11, 1955, and severe mitral insufficiency was con- 
firmed. Re-entry into the enormous left auricle was made possible through a diverticulum 
sewed to the wall.5 A long segment of superficial femoral vein from the common femoral 
junction to the level of the adductor canal was removed from the right thigh and inverted 
over a compressed cylinder of Ivalon sponge. The diameter of this sponge at its widest 
part prior to insertion was 0.9 em. The sponge was placed in the chamber of the left heart 
through the mitral valve. It was not possible to place the graft in the exact part of the 
valve where insufficiency was maximal due to some deficiency in vein coverage of the 
graft and our desire to place only the vein-covered portion of the sponge within the heart 
chambers. It is probable that the intracardiac portion of the graft was fixed under some 
tension. However, about 60 per cent control of the insufficiency appeared to be possible. 
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The patient recovered slowly from the operation. In about six months he noted 
improvement and he returned to work for the first time in over six years. However, within 
a short time, he developed increasing signs of cardiac failure and required readmission to 
the hospital for control. His present status, approximately one year postoperative, is 
essentially unchanged from his preoperative condition. A recent attempt at catheterization 


A, B. 





C. D. 


Fig. 9.—A, Normal heart. B, C, and D, Preoperative roentgenograms of 3 patients with 
. i 


severe mitral insufficiency treated by insertion of Ivalon sponge. (B, Case 1; C, Case 2; 
D, Case 3.) 
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of the left heart was only partially successful as we were unable to get into the left 
ventricle from the huge left auricle despite repeated tries. The blood pressure in the left 
auricle was 43/25 mm. Hg. 

CaSE 2.—(GNHCH No. 41-55-15) This 39-year-old white woman was admitted with a 
history of moderate to severe cardiac failure for fifteen years. She had had numerous 
hospital admissions for cardiac failure. 

At operation, performed on March 3, 1955, the preoperative diagnosis of predominant 
mitral insufficiency was confirmed and an autogenous, vein-covered Ivalon sponge similar 
to that used in Case 1 was inserted into the left heart. Again, major difficulty was 
encountered in covering a sponge with the vein segment of sufficient length and diameter 
due to contraction of the vein during and following its removal from the thigh. It was 
believed that most of the mitral insufficiency was controlled by the sponge. Unfortunately, 
for technical reasons, pressure recordings could not be made during the procedure. 


Convalescence was prolonged though not particularly complicated. 
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Fig. 10.—Case 3. Mitral insufficiency. Before and after insertion of Ivalon sponge. 





The patient had one episode of chest pain and fever about seven months following 
operation. The cause for this was undetermined. Blood cultures were repeatedly negative. 
Left heart catheterization performed 10 months postoperatively revealed a pressure in the 
left auricle of 30/20 mm. Hg. Again, we were unable to catheterize the left ventricle. 

At the present time, about eleven months postoperative, the patient insists that she 
is greatly improved from the preoperative state. She has not been in frank congestive 
failure or required mercurial since operation. Our over-all clinical impression is that she 
may be moderately improved. « 


CasE 3.—-(GNHCH No. A04428) This 24-year-old white woman was admitted with 
symptoms of congestive failure for twelve years. Dyspnea on the slightest exertion was 


present. 
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Operation on Sept. 22, 1955, revealed severe mitral insufficiency and no significant steno- 


sis. An uncovered Ivalon sponge was inserted through the mitral ring. Fifty to seventy 


per cent of the regurgitation appeared to be controlled by the sponge. Pressures were 
recorded in the left auricle and pulmonary artery before and after insertion of the sponge 
(Fig. 10). 

Postoperatively the patient did well until the third day. Following removal of the 
drainage tube in the left pleural space a pneumothorax developed. Polyethylene tube drainage 
was immediately established. A marked tachyeardia developed and several hours later the 
patient became unresponsive. No localizing signs of cerebral damage could be demonstrated, 
but she succumbed a short time later. No post-mortem examination was permitted. We do 
not know the cause of death in this patient but, on the basis of her terminal unresponsive 


state, we may assume that cerebral embolism is a possibility. 


DISCUSSION 

In earlier experiments it had been demonstrated that a vertical trans- 
chamber graft could be placed in the left heart with surprisingly little diffi- 
culty. Unfortunately, for technical reasons stated before, these experiments 
using vascularized autogenous tissues for the vertical pillar or plug were not 
applicable to the human problem of mitral insufficiency. We were impressed 
by the ready adaptability of the plastic sponge (Ivalon) and the extremely 
rapid coverage and ingrowth of fibrous tissue. Here one had the strength and 
stability of size of the plastic material and the complete ingrowth and coverage 
of the sponge by autogenous tissue. One drawback, however, was the trauma 
to the valves and to the sponge at their points of contact. The danger ot 
infection and of peripheral arterial embolism was not observed in the experi- 
mental animal, 

The coverage of the sponge prior to insertion with autogenous tissue had 
the remarkable effect of protecting the valve cusps, at least partially, from 
injury due to contact with the prosthesis. In this regard, the sponge covered 
with inverted autogenous vein appeared to be superior at all stages of animal 
survival to either the plain sponge or the sponge covered with autogenous 
pericardium or homologous vein. Unfortunately, it is difficult to procure a 
sufficiently large autogenous vein segment to cover a sponge which is large 
enough to control the valvular insufficiency. Ideally, one should like to cover 
the sponge with the readily available and abundant pericardium. The experi- 
mental studies showed that for at least the first six to ten weeks fibrin forms 
heavily on the surface of the pericardium and areas of granulation tissue may 
appear along the suture line. Hematoma formation may occur between the 
sponge and the pericardium. Perhaps these problems can be resolved by using 
an extremely thin layer of pericardium or some other tissue, by perforating 
it at several points, and by taking care that there is minimal overlapping of 
the edges. A segment of autogenous artery for coverage of the sponge has 
not yet been tried but should be, since the left subclavian artery is easily 
available. Homologous tissues would appear to be unsatisfactory as they 
must undergo necrosis and ingrowth of tissue into the graft is greatly delayed. 
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Several of the anticipated advantages of using the Ivalon sponge were 
realized. The ingrowth and coverage of the sponge with fibroblasts results 
in a living graft of stable size, capable of repair following injury. There was 
no econvineing evidence of foreign body reaction to the sponges. The giant 
cells were only occasionally seen and where present were noted to contain in- 
gested pigments. Injury to the valve cusps was never more than moderately 
severe even after the raw sponge had been in place for approximately one 
year. There was less evidence of damage to the valve cusps when the sponge 
was covered with autogenous tissue, especially when covered with a segment 
of inverted autogenous vein. The search is being continued in the experi- 
mental laboratory for the ideal tissue coverage for the graft. Further experi- 
ments are anticipated on the use of a small segment of autogenous artery 
or vein placed at the point of contact of the prosthesis with the valve. 

The question has arisen as to the degree of stenosis produced by place- 
ment of a sponge prosthesis in the valve orifice. On the basis of reported 
studies’ the normal mitral valve area must be reduced to less than 2.5 em.* 
before minimal symptoms of mitral stenosis appear. Marked symptomatology 
due to stenosis of the mitral valve becomes evident when the valve area 
approaches or becomes less than 1 em.? In a valve of normal size, reported 
by the above investigators as 4 to 6 em.*, a circular prosthesis of 1.38 to 2.1 
em. diameter (1.5 to 3.5 em.? area) could be placed in the orifice without pro- 
ducing symptomatic mitral stenosis. It has been possible to effect complete 
or nearly complete control of severe mitral insufficiency in patients by the in- 
sertion of the index finger in the insufficient area. The diameter of the index 
finger in the valve is only about 2 centimeters. It would appear that a sponge 
of this size (in so far as the production of mitral stenosis is concerned) would 
usually be within safe limits. Fig. 11 shows a sponge of less than 2 centi- 
meters diameter in place in an autopsy specimen of a patient with severe 
mitral insufficiency. 

The possibility was considered that the addition of a cylindrical obstacle 
in the valve orifice may produce greater restriction of the functioning area 
than actual area measurements would predict. To determine this we utilized 
the formula for valvular area as reported by Gorlin and Gorlin.’ 


. sets 

MVA = C ea 

Where MVA is the mitral valve area, F is the flow per second, P is the pressure 
gradient across the orifice in centimeters of water, and C is an empirical con- 
stant. The constant C was ealeulated for a given orifice area produced by 
flow through an unobstructed aperture as opposed to an equivalent area pro- 
duced by partially obstructing a larger aperture with a cylindrical prosthesis. 
Flow studies were made with both water and citrated human (whole) blood. 
In the ease of blood it was found that with a severe degree of ‘‘stenosis,’’ an 
orifice size of 0.196 and 0.332 em.*, the constant was 33. When a larger orifice 
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size of 1.038 em.’ was partially obstructed to an area of 0.694 em.? by a 
cylindrical glass rod held in its center, the constant remained at 33. How- 
ever, when the orifice size was reduced to 0.36 em.* by a larger cylinder, the 
constant rose to 36. The importance of these findings is that they indicate 
that until an orifice is greatly reduced by a eylindrical obstruction in the 
lumen, the change in flow through the orifice follows predictable area changes. 


Fig. 11.—A, Heart of patient at post mortem showing severe mitral insufficiency. 
ment of Ivalon sponge in insufficient area. 


As the degree of obstruction becomes more marked, the flow through the 
available area with the same pressure is at least equal to and probably 
greater than a similar area where no cylindrical obstruction is present. 
There are several methods of approach to the problem of mitral in- 
sufficiency and these have been discussed in detail by their respective pro- 
ponents. It is not the purpose of this progress report on one of these methods 
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to discuss the relative merits of the other methods. It is much too early to 
know what method of control will eventually prove to be the safest and the 
most efficient. Because of the serious nature of severe mitral insufficiency, it 
is important that any method of control that offers promise be fully explored. 
It may be that one method will not be sufficient to control mitral insufficiency 
due to all causes. One can imagine that the mitral insufficiency that follows 
the partial avulsion of a valve cusp from the annulus during valvulotomy for 
mitral stenosis could only be treated by the resuture of the cusp to the ring or 
the placement of a plug, in the insufficient area (Fig. 12). It is difficult 
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Fig. 12.—Left auricular tracings before and after valvulotomy for severe mitral stenosis. 
Calcified medial leaflet avulsed from annulus at lateral commissure. 


also to see how a purse-string suture placed around the annulus could effect 
control of the insufficiency in such a valve or in one where the cusps were 
inflexible and where there was an absolute loss of valve substance. The prob- 
lems in the management of mitral insufficiency will become more evident as 
the several methods for surgical control of this lesion now being explored are 
more widely used. The greatest boon to the selection of patients and the 
evaluation of the several methods of treatment is the development of left 
heart catheterization.2, We regret that we were not sufficiently acquainted 
with this technique to employ it preoperatively in the cases reported. 
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No attempt is made here to evaluate this method for control of mitral 
insufficiency on the basis of this small clinical trial. It is obvious, however, 
that improvement in the 2 patients who survived operation is equivocal. We 
believe that with a larger graft and with better graft coverage, and with 
relaxation of the graft and eare in placing the graft directly in the regurgitant 
stream, better control of the insufficiency would result. Perhaps placement 
of the graft from a combined right and left thoracotomy would be more 
effective in some eases.’ 


SUMMARY 


Further experiments on the use of a left-heart, transchamber, vertically 
suspended, cylindrical graft in the control of mitral insufficiency have been 
described. Particular reference is made to the use of a prosthesis from a com 
pressed Ivalon sponge. A comparison was made between the uncovered sponge 
and the sponge covered with tissue. 

The results of the application of this technique to 3 patients severely in- 
capacitated with mitral insufficiency are described. Caution is advised in the 
further application of this technique to patients until more satisfactory 
methods are developed for coverage of a sponge sufficiently large to compen- 
sate the area of regurgitation. 
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DISCUSSION 

DR. M. M. NEWMAN (Brooklyn, N. Y.).—We have approached the problem of 
mitral insufficiency a little bit differently from Dr. Glenn and Dr. McAllister. (Slide.) 
This is a ball valve which is inserted right into the mitral annulus under direct vision 
while the animal’s circulation is maintained by the heart-lung machine. 

Twenty-one animals have been operated upon and 9 have survived four days to three 
weeks. One animal has survived 8 weeks. The second slide shows simultaneous tracings 
of the phonocardiogram with a loud snapping first sound, a pulmonary arterial wedge 
pressure of 15/3 mm. Hg, and carotid arterial blood pressure of 130/85. (Slide.) 
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The two main causes of death have been multiple emboli and cutting through of the 
purse-string suture used to fix the valve in the mitral annulus. 


DR. RALPH A. DETERLING (New York, N. Y.).—I wish to point out that our 
satisfactory experience with Teflon fabric which we have used for blood vessel replace- 
ments should call attention to this synthetic material for use in experiments on vascular 
disease as Dr. Newman’s experiments point out. This material made by Dupont is rather 
new and can be obtained in yarn or in solid form. It has zero water uptake and minimal 
irritability in mammalian tissues. It is available as braided tape which should be very 
useful for the annular ligature of Dr. MeAllister, since it enters the right auricular 
chamber as part of its placement. Its minimal stimulus to clot formation would be of 
special advantage for intracardiac use. Also, in regard to the study of Dr. Glenn, there 
is a woven tube of Teflon also available now that might be worthy of trial as a covering 


tor his pedicle of Ivalon. Thank you. 


DR. FERDINAND F. McALLISTER (New York, N. Y.).—There are obviously going 
to be many ways of skinning the cat in dealing with mitral insufficiency. Certainly in one 
of our cases, it is suggested that the Ivalon sponge technique might have been beneficial. 
On the other hand, two of the x-rays on the slide which Dr. Glenn showed suggested to me 
the giant left auricle and I wondered if on his exploration he did not find a markedly 
dilated ring which might have been more effectively controlled with the annular type of 
constriction. 

The second comment I would like to make is that we also have experimented with 
a plastic ball velve independently and unbeknownst to our neighbors in New York and it is 
surprisingly similar in shape. 

DR. WILLIAM GLENN (closing).—Thank you very much for the questions and 
discussion. I quite agree Dr. McAllister, that in all 3 of the patients that we discussed 
there was considerable dilatation of the mitral annulus, with enormous auricles, and it is, 
I believe, quite possible that annular constriction might have lessened the insufficieney in 
these patients. I think that whether the annular constriction technique can be applied, at 
least by this operator, is going to depend somewhat upon whether or not it is possible to reach 


the other side of the huge auricle. 











THE EXPERIMENTAL PRODUCTION OF A COMPETENT AORTIC 
VALVE 


WILLIAM SILEN, M.D., Dean L. Mawopstey, M.D., Eart R. MILuer, M.D., anp 
H. J. McCorkue, M.D., SAN FRANcIsco, CALIF. 


(From the Surgical Research Laboratories of ihe University of California School of Medicine, 
San Francisco) 


N PATIENTS with aortic insufficiency the production of a competent aortic 

valve with autologous tissues would be highly desirable.’** Several attempts 
have been made to place flaps of pericardium within the aorta, but these have 
failed because the flaps shrink and the valve becomes incompetent.’ Other 
attempts have been made to utilize homologous aortie valve grafts but these 
have been unsatisfactory.* ‘ 

Kiseman? was able to fashion a competent valve in the inferior vena cava 
by intussusception of a portion of the wall of this vessel. In this laboratory, 
valves have been constructed in the descending thoracic aorta of the dog 
utilizing Eiseman’s method. 

METHODS 


All operations were performed using intravenous pentobarbital sodium anesthesia and 
strict aseptic precautions. The thoracic cavity was entered through the left sixth inter- 
costal space. The mediastinal pleura was incised over the aorta, and a two-inch segment 
of descending aorta, just distal to the left brachiocephalic artery, was isolated. This 
usually required the interruption of about three sets of intercostal arteries. The aorta was 
folded into itself to form the intussusception at approximately the center of this two-ineh 
segment, and maintained in this position with arterial sutures of 5-0 Deknatel silk placed 
This was done without interruption of the aortic blood 


at intervals of 3 mm. (Fig. 1). 
A smail 


flow. The sutures were placed through the entire thickness of the aortic wall. 
amount of bleeding occurred from the suture hole but this ceased when pressure was 
Early in the course of this experiment it was found that too much of the aorta 


applied. 
When a segment equal 


was being turned in, so that obstruction and thrombosis occurred. 
to the diameter of the aorta was intussuscepted the incidence of these complications was 
The aorta was occluded proximally and distally to the operative site and the 
The occluding clamps on the aorta were held together by the assistant 
These 


reduced, 
sutures were tied. 
so that tension on the suture line was relieved as the sutures were being tied. 
occluding clamps were usually in place for five to six minutes. The chest was closed in 
lavers with interrupted No. 40 cotton sutures. Each animal was given 300,000 units of 
procaine penicillin daily for several days following the operation. 

Several months following this procedure, cineroentgenograms were taken of one dog. 
A polyethylene catheter was inserted into the femoral artery to a point just distal to the 
valvuloplasty, and 20 ¢.e. of 35 per cent Diodrast was injected forcefully against the valve 
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in a retrograde direction. The same quantity of dye was then injected after the tip of the 
catheter had been advanced into the arch of the aorta about two inches proximal to the 
valve. Cineroentgenograms were taken during and after each injection. 

In order to study the effects of this valve in an animal with aortie insufficiency, the 
aortic valves of several animals were sectioned in the following manner. The thoraci¢ 
cavity was entered through the left seventh intercostal space. The pericardium was in- 
cised anterior to the phrenic nerve. After placement of 2 mattress sutures in an avascular 
area just proximal to the apex of the heart, a one-centimeter incision was made in the 
myoeardium, extending only two-thirds of the way through the thickness of the wall of the 


left ventricle. An Adson guillotine knife was pushed through the remaining thickness of 





Fig. 1.—Drawing showing the surgical method of intussusception of the aorta. 
the ventricular wall and was directed into the ascending aorta. Its position in this location 
was confirmed by palpation with the left index finger, which was placed just to the right 
The blade of the guillotine knife, which had been in 
The instrument was withdrawn slowly 


and posterior to the aorta (Fig. 2). 


a closed position when inserted, was then opened. 
with its end in apposition with the posterior aortic wall until the curved tip engaged the 
posterior cusp of the aortic valve. The valve was then sectioned, the knife withdrawn, 
and the cardiotomy closed with the previously placed cotton mattress sutures. The entire 
intracardiac manipulation required about 15 or 20 seconds. 

In those animals in which both procedures were carried out, an interval of at least 


one month and usually longer was allowed between operations. Femoral blood pressure 
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tracings were obtained in several dogs before and after each procedure. Femoral and 
carotid blood pressure tracings were made on one animal one week after the two operations 
had been completed. 
RESULTS 
Table I summarizes the operations performed on the 19 animals used in 
this experiment. Two of the 6 animals that had only the intussusception 
valvuloplasty, operated upon early in the study, died because the aortic wall 


TABLE I. SUMMARY OF OPERATIONS 











VALVULOPLASTY VALVULOTOMY VALVULOTOMY AND 
ONLY ONLY VALVULOPLASTY 
Total number of dogs 6 9 aa 
Operative deaths 3 1 1 
Postoperative deaths 1 7 1 
Survivals 2 1 2 





was lacerated when the sutures were tied to produce the intussusception. We 
learned from these cases that if tension could be removed from the suture line 
as the sutures were being tied, these tears either did not occur or could be 
minimized. <A third animal, which underwent this operation under hypo- 
thermia, died at the conclusion of the procedure, probably because an excessive 
amount of aorta was intussuscepted. One of the 3 dogs that survived the 
operation died three days later because of thrombosis at the valvuloplasty 
site. Another animal is living and well but the femoral pulses are absent. 
The third dog is alive and well with good femoral pulses two months follow- 
ing valvuloplasty. 

Each of the 9 animals that underwent only the valvulotomy was found 
to have complete or almost complete division of the posterior aortic cusp at 
autopsy. Immediately after sectioning the valve, a marked diastolie thrill 
was noted over the aorta, and the left ventricle became dilated. All of the 
animals that survived the operation had a diastolic thrill and a loud diastolic 
murmur over the left scapular region. The femoral artery pressure tracings 
revealed marked elevation of the systolic blood pressure and depression of the 
diastolic blood pressure following valvulotomy, so that the pulse pressure was 
doubled in every instance. There was no dicrotie notch on the tracings (Fig. 
3). One dog, operated upon early in the series, died of hemorrhage from the 
ventriculotomy site. Six animals died within the first twenty-four hours 
following operation. No apparent cause for death could be found at autopsy 
except that the left ventricle was markedly dilated. The extent of incision of 
the valve in this group of dogs was not greater than in the remaining animals. 
One dog died 7 days following valvulotomy and at autopsy was found to have 
bilateral massive pleural effusions and ascites caused by a severe purulent 
pericarditis. Another animal lived for one month following operation in 
apparent good health. He was found dead in his kennel but no definite cause 
for death could be ascertained at autopsy. 
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Four animals were subjected to both valvulotomy and valvuloplasty. One 
of these had had a valvuloplasty five and one-half months prior to the time 
when valvulotomy was attempted. Cardiac arrest occurred a few minutes 
after the valve was sectioned and did not respond to the usual resuscitative 
measures. The site of the valvuloplasty was well healed and there was only 
the slightest dilatation of the aorta just proximal to the valve. The edges of 
the turned-in segment of aorta had become thin, tapered and pliable. The 
cineroentgenograms that were taken of this dog three months after valvulo- 
plasty revealed that there was slight regurgitation through the valve and that 
there was no narrowing at this point. Another dog, which had survived 
valvulotomy, underwent valvuloplasty four months later. This animal died 
of congestive heart failure 24 hours after operation, At autopsy the animal’s 
own aortic valve was still incompetent and there were small nodular thicken- 
ings along the sectioned area of the posterior valve cusp. Two dogs survived 
hoth procedures and are still living and apparently healthy. Femoral and 
carotid artery pressure tracings taken in one of these dogs after both pro- 
cedures showed persistence of an elevated pulse pressure in the carotid artery, 
while the pulse pressure was reduced to normal in the femoral artery. No 
dicrotic notch was present in either of these tracings (Fig. 4). 


SUMMARY 


A valve has been constructed in the descending aorta of dogs by intussus- 
ception of a segment of the wall of the aorta. This valve allows only minimal 
regurgitation, as demonstrated by cineroentgenograms. Comparative femoral 
and carotid pressure tracings, in a dog with experimentally produced aortic 
insufficiency in which a valvuloplasty was also done, show that the valve 


significantly reduces the elevated pulse pressure of aortie insufficiency. 
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DISCUSSION 


DR. HENRY SWAN (Denver, Colo.).—I would like to compliment Dr. Silen on the 
research which he developed in answer to this important problem, namely, an artificial 
aortic valve. However, I do think it is important that efforts be directed to develop the 
valve which could be placed in the outflow tract of the left ventricle below the ostia of 
the coronary arteries so that the coronary circulation could be properly maintained and 
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aided after this valve was replaced. Now I don’t have any suggestion as to such a 
valve, but I do have a method we developed to put such a valve in place, were it available, 
under direct vision in the site of the aortic valve, and I thought you might be interested 
for just a moment to see that technique. This involves, of course, the question of the 
avoidance of coronary air embolism, and this comes down to the very simple question: 
what happens when the ostia of the coronary arteries are exposed to air? It was always 
my assumption that air would enter the coronary ostia and get into the coronary arteries, 
and apparently this has been a commonly held assumption. The only previous experiments 
of which I know were those of Clowes which he reported about two years ago, and | 
believe he found that coronary air embolism was not a major problem when the coronary 
ostia were opened. So we subjected this to simple test in the laboratory under hypo- 
thermia. Inflow occlusion was performed and then the aorta was opened, after being 
clamped about two inches from the valve, and the ostia of the coronary arteries were 
thus exposed to air. When one observes the interface between blood and air in the 
mouth of the coronary, one sees no tendency whatsoever for air to enter the coronary 
artery. The crux of the matter, therefore, appears to be how to get the air out of the 
aorta entirely before you restore circulation, and to this end we performed the following 
maneuvers. (Slide.) The approach here is a familiar one to you all, a transverse bilateral 
thoracotomy. The aorta is entered through a verticle incision after dissection of the ver) 
root of the aorta. The right coronary artery becomes very apparent in the dissection, but 
the chief matter of interest here is putting a tourniquet around the roots of both lungs, 
so that later on, by releasing one of these tourniquets and allowing the blood to flow 
from the lung into the left ventricle, filling it up from below upwards, and in this fashion 
driving all of the air out of the open incision, air embolus is avoided. (Slide.) Now there 
is a multitude of clamps here, as you can see. We put one across the base of the great 
vessels: in case any air were trapped, we hoped to divert it from the brain. The inflow 
occlusion to the right heart is here, and these clamps are on the lung roots. One gets a 
fairly good view of the aortic valve in this fashion and one ean thus easily operate upon 
the valve itself and place a prosthesis—if a suitable one could be developed—in this area. 
Now the escape is the crucial thing. The tourniquet on the lung root is released, the 
blood then flows into the left auricle, left ventricle and up through the incision and a non- 
pressure clamp is applied when all of the air has escaped. The circulation can then be 
restored. This method has been applied clinically with success. 


DR. G. REHMI DENTON (Albany, N. Y.).—I would just like to mention briefly that 
we have been working for some time on a valve for the aortic ring which does allow 
blood to flow into the coronary ostia under normal arterial pressure. Also, I think I can 
safely mention at this time that the valve depends on plastic leaflets rather than a ball 
valve, and at the moment, at any rate, it appears to offer some pretty good chances fo: 
success. I would also like to mention that we have been approaching the problem of a 
valve for the mitral ring for a considerable period of time. As some of you may re- 
member, we tried to use one without moving parts several vears ago which did turn out 
finally to be unsuccessful. We now have a prosthesis for the mitral ring which is ver) 
similar to the one which was shown here today, but instead of a ball type valve it is 
made up of leaflets. We prefer the leaflet type of valve because it is more anatomical, if 
you will, and secondly it should be less disturbing to the patient and the people around 


the patient. 


DR. F. JOHN LEWIS (St. Paul, Minn.).—I was struck, when I saw Dr. Swan’s slide, 
by the similarity of the lantern slide I had in my own pocket, so I thought I’d show it. 
(Slide.) It doesn’t have anything to do with aortic insufficiency but it’s pertinent to Dr. 
Swan’s point, that you can operate on the aortic valve under direct vision without 
coronary air embolism. We have used an approach almost identical to the one he describes 
except we have introduced a catheter into the left atrium as well, which isn’t shown 
here, to wash saline out of the left atrium and then, in addition, we passed a tube down 
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through the aortic valve into the left ventricle to wash the air out of the left ventricle. 
Furthermore, to get rid of the air we occluded the pulmonary veins at the beginning and 
then when they were released at the end of the open procedure blood flooded into the left 
side of the heart suddenly to wash out the air. We have used this technic to operate on 
dogs and then successfully on two patients with aortic stenosis, under direct vision. Air 
embolism has been avoided, so I am sure he is right in saying that you can operate in 
that area under direct vision. 


DR. RALPH A. DETERLING, JR. (New York, N. Y.).—We have been working on 
methods of controlling aortic insufficiency for about a year and a half and I want to 
commend the authors for their producing aortic insufficiency in animals before trying to 
cure it. In regard to their technique of correcting insufficiency I raise some questions. 
The imbriecation of aortic wall might be technically difficult if the vessel were diseased or 
atheromatous. Also, there is a physical law which states that the cross-sectional area of 
a vessel has to be reduced 70 per cent before blood flow is reduced 50 per cent. It would 
seem to me that in order to get an effective control of reflux of blood flow through the 
aorta by means of new leaflets, a significant coarctation should in effect have to be the 
end result. A couple of years ago some colleagues working in this field pointed out the 
difficulty they had clinically in using the Hufnagel valve with too small a diameter. 
When placed in the descending thoracic aorta in patients with severe aortic insufticiency 
the left heart had progressively enlarged and to my knowledge at least one patient had 
died of failure as a result of this attempt to help him. 

I would like the authors to comment on the fact that on their slides the retrograde in- 
jection contracurrent was done at a distance of several centimeters below the new valve. 
When we have performed retrograde aortography in patients for other reasons, the retro- 
grade flow of contrast material beyond the catheter tip is usually several centimeters, with 
or without a valve. I wonder if the authors had any experience in showing that retro- 
grade injection performed immediately below the new valve would have retrograde flow 
actually halted by the new valves. Thank you. 


DR. GEORGE CLOWES (Cleveland, Ohio).—I would draw attention to the hemo- 
dynamic aspects of this study. The authors showed tracings from the carotid and from 
the femoral artery, and actually the diastolic pressure was the same both in the carotid 
and femoral artery. This argues that a coarctation rather than a valve was created. 
[ might also say that we agree with Dr. Lewis and Dr. Swan that it is possible to operate 
in the region of the aortic valve, having done it a good many times in dogs and once in 
man with the aid of an artificial oxygenator and pump. 


DR. SILEN (closing).—We certainly agree that the great difficulty with this pro- 
cedure is the fact that there is a very narrow margin between being able to produce a 
competent valve and turning in an excessive amount of aorta so that a coarctation 1s 
produced, Unlike veins, in which Dr. Eiseman turned in approximately a length of vein 
three times the diameter of the vessel in that area, we found that we could only turn in 
a length of aorta equal to one diameter. Some of the action of this valve may be due to 
the coarctation and we certainly feel that the margin of safety is too narrow to apply this 
procedure clinically. 

I would like to thank the discussants and the Society for the privilege of presenting 


this paper. 








TRANSVENTRICULAR AND AORTIC ANGIOCARDIOGRAPHY AND 
PHYSIOLOGIC STUDIES IN DOGS WITH EXPERIMENTAL 
MITRAL AND AORTIC INSUFFICIENCY 


Rosert J. WiLpEr, M.D.,* Howarp L. Moscovirz, M.D., AND 
Mark M. Ravircn, M.D.,** New York, N. Y. 

(From the Departments of Surgery and Medicine of Mt. Sinai Hospital of New York.) 
[* THE search for more accurate methods for the diagnosis of valvular dis- 

ease of the heart, contrast visualization of the cardiac chambers has been 
progressively developed and refined. Techniques have been perfeeted for in- 
creasing the number of roentgen exposures per second and for injecting the 
contrast medium at various sites in order to demonstrate more clearly the 
details of pathologic and functional anatomy of the heart. Cine-angiocardiog- 
raphy and selective angiocardiography are now commonly employed. Radio- 
paque material has been injected into all chambers of the heart. Kjellberg 
and associates® described the results of instillation of contrast medium into the 
right ventricle via a catheter. Bjork? injected contrast medium into the left 
auricle via a percutaneously inserted paravertebral needle. Ponsdomenech 
and Nunez’ injected contrast medium into the left ventricle of man via a per- 
cutaneous subxyphoid approach. Castellanas and Pereiras® visualized the 
aortic valve area by means of retrograde injection of the left brachial artery. 
We previously reported on the technique of retrograde catheterization of the 
aorta and left ventricle for the injection of contrast medium just above the 
aortic valves or into the left ventricle in order to demonstrate aortic or mitral 
insufficiency." 

Wiggers,’® in his classic experimental studies, described the altered pres- 
sure pulses of valvular lesions of the heart. With the development of cor- 
rective cardiae surgery, this early work has been expanded by the use of a 
variety of methods for the study of the hemodynamics of congenital and 
acquired eardiae lesions. Pressure recordings have been made via venous 
cardiae eatheterization,® transbronchial puncture of the left atrium,'! trans- 
esophageal puncture of the left atrium,’ percutaneous paravertebral puncture 
of the left atrium,’ and by direct puncture of the heart chambers at the time 
of surgery.‘ The pressure patterns of various cardiae defects have been 
deseribed and attempts have been made to quantitate the hemodynamie changes 
produced by specific valvular lesions. 

This study will attempt to correlate the roentgen contrast appearance 
and the pressure events found in experimental mitral and aortic insufficiency 


in dogs. 
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METHOD 


Mongrel dogs of either sex weighing 12 to 18 kg. were anesthetized with 
intravenous veterinary Nembutal (1 ¢.e. per 5 pounds of body weight) and 
placed on the x-ray table in the right lateral decubitus. An endotracheal 
tube was passed and attached to a pneumatophore pump supplying 100 per 
cent oxygen at a positive pressure of 14 to 20 em. of water. A left thoracotomy 
was performed through the fourth or fifth intercostal space and the peri- 
eardium opened and sutured to the wound edges in order to create a ham- 
mock support for the heart. 

The details of the intracardiac injection of contrast medium have pre- 
viously been described." In brief, the right or left femoral artery was ex- 
posed and a No. 9 Lehman aortic x-ray catheter passed retrograde under fluoro- 
scopic control. The catheter was positioned either just above the aortic valve 
or advanced into the apex of the left ventricle. For direct needle puncture 
of the left ventricle the technique described by Ponsdomenech and Nunez? was 
used. A 514-inch No. 18 needle was passed percutaneously into the left ventricle. 
70 per cent Urokon (1 to 1.2 ¢.. per kilogram of body weight) was drawn 
up in a 20 ©. syringe and the injection, through either the catheter or needle, 
was earried out manually. The time required for the injection varied from 
1 to 3 seconds. Near the end of the injection a single roentgenogram was 
taken using 300 Ma., 110 to 120 kv., and 145 to %o of a second depending on 
the size of the dog. 

Either before or after the injection of Urokon, three simultaneous pres- 
sure curves of the left atrium, left ventricle, and aorta, together with an elec- 
trocardiographic pattern were photographically recorded by a 4-channel oscil- 
lograph. Direct needle puncture of the left ventricle, left atrium, and ascend- 
ing aorta were made and the pressures led into 3 Statham P 23A strain gauges 
by four-foot lengths of nondistensible vinyl plastic tubing. A simple ad- 
justment on the recorder permitted the 3 pressure curves to be inscribed from 
the same base-line at equal sensitivities. 

To create mitral insufficiency a nerve hook was passed through the an- 
terior wall of the left ventricle and, guided by a finger inserted through the 
left auricular appendage, was used to catch and rupture a portion of the pos- 
terior leaflet of the mitral valve. Mitral stenosis was created by passing a 
ligature in the plane of the interatrial septum at the level of the atrioventricu- 
lar valves and tightening it either above or below the annulus of the mitral 
valve. Aortic insufficiency was created by rupturing an aortic valvular cusp 
with a nerve hook passed into the left ventricle and advanced into the aorta. 
Aortic stenosis was simulated by constricting a heavy silk ligature passed 
around the ascending aorta just above the coronary ostia. 

In the acute experiments, pressure and roentgenographie studies were 
made before and after the creation of various lesions. Dogs with experi- 
mental valvular lesions of long standing were followed roentgenographically 
and, at periods of time varying from weeks to months, re-explored and sacri- 
ficed after contrast roentgenograms and pressure pulses had been recorded. 
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RESULTS 


The Normal Heart.—The instillation of radiopaque material into the left 
ventricle of a normal dog heart demonstrates complete competency of the 
mitral valve (Fig. 1,4). In the right lateral decubitus, the normal mitral valve 
is depicted radiographically as a cresent-shaped line which lies below and 
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Fig. 2.—Radiographic and pressure studies in the same dog with experimentally pro- 
duced mitral insufticiency, both isolated and combined with mitral _ stenosis. A, The 
lesion of mitral insufficiency alone is shown. The free reflux of contrast medium into the 
left atrium through the incompetent mitral valve is seen after ventricular injection. The 
left atrial pressure curve is elevated during ventricular systole with peaklike v waves. B, 
A stenosing suture passed above the annulus of the mitral valve has been superimposed on 
the incompetent mitral valve. The reflux of contrast material into the left atrium outlines 
the area of stenosis and does not seem diminished in amount. The pressure tracing 
demonstrates a marked atrioventricular filling pressure gradient with a large a wave and 
absence of the prominent v wave of mitral regurgitation. 


to the right of the base of the aorta. Contrast visualization of the left atrium, 
which lies just posterior to this sharp border, is prevented by a competent 
mitral valve. 

The normal aortic valve does not permit reflux into the left ventricle. 
When radiopaque material is injected into the ascending aorta, the aorta, 
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the coronary arteries and the sinuses of Valsalva are clearly visualized, bu 
the left ventricle is not opacified (Fig. 1, C). 

Fig. 1, B illustrates the pressure events of the normal dog heart recorded 

from the left atrium, left ventricle, and aorta. The three characteristic 
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Fig. 3.—Radivographic and pressure studies in a dog with mitral insufficiency of six 
months’ duration. A, The roentgenogram demonstrates an enlarged left atrium. 8B, Photo- 
graph of the lesion in the posterior leaflet of the mitral valve measuring 4 by 11 mm. (0, 
Pressure studies reveal only a minimal rise in the left atrial pressure, even though the 
roentgenographic findings and actual size of the defect suggest a large regurgitation. 
waves of the atrial pulse, the a, ec, and v waves, are well delineated. A dis- 
tinet descent in left atrial pressure follows the ¢ wave. The pressure then 
gradually rises to form the v wave which is roughly of the same height as the 
@ Wave, 
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Mitral Insufficiency. —In Fig. 2, A the roentgenogram and pressure tracings 
of a dog with experimental mitral insufficiency are illustrated. In the 
roentgen film the regurgitated radiopaque medium fills the left atrium com- 
pletely and appears quite dense, apparently indicating an insufficiency of 
considerable magnitude. The left atrial pressure curve shows a noticeable 


A. 


























B. C. 


Fig. 4.—Radiographic and pressure studies in a dog with mitral insufficiency for sixteen 
months. <A, The roentgenogram of the left heart reveals an enlarged left atrium. B, Photo- 
graph of the rupture of the posterior leaflet of the mitral valve responsible for the insuffi- 
ciency. Note the thickening and excresences at the edges of the rupture. C, Pressure curves 
demonstrate a moderate rise in the left atrial pressure during ventricular systole with a 
plateau-like pattern. 
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change. The regurgitation of blood during left ventricular systole causes a 
rise in left atrial pressure resulting in partial or complete obliteration of the 
pressure descent following the ¢ wave and an elevation of the v wave with 
either a plateau or peaklike pattern. In this dog there is apparently good 
correlation between the degree of left atrial opacification and the left atrial 


pressure change. 

Chronic Mitral Insufficiency—The x-ray appearance and the pressure 
events in dogs with chronic mitral insufficiency of six and sixteen months’ 
duration are illustrated in Figs. 3 and 4. Both roentgenograms reveal good 
opacification of the left atrium and obvious left atrial enlargement. The atrial 
pressure patterns reveal only minimal to moderate change with a definite 
plateau-like elevation of the pressure. From these pressure changes one 
might not expect the degree of atrial enlargement seen on the roentgenograms. 

Examples of the valvular lesions created are illustrated in Figs. 3, B, and 
4, B. The mitral ring in the specimen was laid open by dividing the anterior 
leaf of the mitral valve. The defect visualized in Fig. 3, B is six months old, 
measures 5 by 11 mm. and is oval in shape. In Fig. 4, B, the posterior leaflet 
has been completely ruptured. Irregular excrescences and thickened edges 
of the torn leaflet have appeared sixteen months after the production of the 


lesion. 

Mitral Stenosis and Insufficiency —When mitral insufficiency and mitral 
stenosis are combined, the regurgitating contrast medium not only outlines 
and opacifies the atrium, but also delineates the narrowing due to the stenosis. 
The roentgenograms recorded in Fig. 2, A and B are of the same dog before 
and after a suture has been passed around the mitral ring and tightened just 
above the mitral annulus. The narrowing due to the stenosis is obvious. 
The atrium still appears to be well filled with regurgitated contrast material. 
The marked degree of stenosis is demonstrated by the appearance of a marked 
left atrioventricular filling pressure gradient. Following the superimposition 
of the stenosis the a wave becomes broader and taller, the left atrial pulse 
pressure falls, and the v wave appears less prominent. The characteristic 
pressure tracing of mitral insufficiency is obscured while the roentgenographic 
studies still show marked regurgitation. 

Fig. 5 correlates the radiographic appearance and pressure pulses in an- 
other dog with mitral insufficiency. When a constricting ligature is threaded 
below the atrioventricular groove following the technique of Davila and asso- 
ciates,’ a significant decrease in the amount of regurgitated contrast material 
oceurs (Fig. 5, A, B, and C). The production of mitral stenosis in this man- 
ner appears to be more effective in decreasing mitral reflux than when the 
stenosing suture lies above the mitral ring. In Fig. 5, B the pressure record- 
ing demonstrates the presence of a slight diastolic pressure gradient between 
the left atrium and the left ventricle after a moderate constriction of the an- 
nular suture. In Fig. 5, C the suture is further tightened to create a more 
marked atrioventricular filling pressure gradient. With this latter degree 
of stenosis, regurgitation of contrast medium into the left atrium persists 
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Fig. 7.—Radiographic and pressure studies in the same dog with aortic insufficiency and 
aortic insufficiency combined with aortic stenosis. A, The roentgenogram clearly demonstrates 
the regurgitation of contrast medium from the ascending aorta through an incompetent valve 
into the left ventricle. The retrograde catheter placed just above the aortic valve is clearly 
seen Pressure studies reveal a widened aortic pulse pressure. B, A stenosing suture has 
been placed just above the coronary ostia. The roentgenogram reveals the area of 
stenosis, the coronary arteries and the regurgitation of contrast material into the left ventricle. 

he pressure curves demonstrate a significant reduction in the aortic pulse pressure and a 
systolic gradient between the aortic and ventricular pressures, 
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although considerably reduced in amount. The greater efficiency of the ste- 
nosing ligature placed below the circumflex vessels is apparent from a com- 
parison of Figs. 2 and 5, 

Graded Acute Mitral Insufficiency —The correlation of pressure and roent- 
gen studies in insufficiencies of graded severity is illustrated in Fig. 6. These 
studies were recorded in the same animal after the successive production of 
acute insufficiencies of progressive size. In Fig. 6, A the pressure pulse of 
the left atrium shows little abnormality. The roentgenogram, however, re- 
veals good opacification of the atrium by the regurgitating contrast medium. 
After the insufficiency is enlarged (Fig. 6, B) the opacification of the left 
atrium is somewhat more dense and there is now a noticeable change in the 
left atrial pressure with partial obliteration of the descent of the pressure fol- 
lowing the ¢ wave and a plateau-like contour of the left atrial pulse in systole. 


Fig. 8.—Lesions of the aortic valve responsible for the aortic insufficiency studied in 
Note the tear in the middle cusp and the rupture of the right cusp. 


In Fig. 6, C, with the creation of a still larger insufficiency, the pressure after 
the ¢ wave continues to rise forming a peaklike pattern and prominent v wave. 
The roentgenogram, on the other hand, reveals only slight change in the 
opacity of the left atrium. It appears from this series of pressure and x-ray 
studies that good opacification of the left atrium indieating significant regurgi- 
tation may be present at a time when a barely detectable pressure change 
exists (Fig. 6, A). Conversely, once regurgitation is radiographically demon- 
strable the density of the left atrial shadow changes only moderately with in- 
creasing degrees of insufficiency, while distinctly greater changes are noted 
in the pressure pattern (Fig. 6, B and C). 
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Aortic Insufficiency and Stenosis.——The roentgenogram and the pressure 
curves in a dog with aortic insufficiency of five weeks’ duration are recorded 
in Fig. 7, A. The pulse pressure of the aortic curve is noticeably increased 
and the regurgitation of contrast medium from the aorta into the left ventricle 
clearly demonstrates the insufficiency of the valve. In the same dog aortic 
stenosis was acutely produced (Fig. 7, B) by tightening a suture around the 
aorta about 0.5 em. above the coronary ostia. This results in a systolic gradient 
between the aortic and ventricular pressures and a significant reduction in the 
aortic pulse pressure without obvious effect upon the free reflux of radiopaque 
material into the left ventricle. The tear in the aortie valve is shown in Fig. 8. 


DISCUSSION 


There is little doubt that the instillation of a contrast medium into the 
left side of the heart can improve the precision of diagnosis in many types of 
congenital and acquired heart disease. With the catheter, contrast medium 
may be injected into the aorta, left ventricle, or left atrium. Pressure record- 
ings and blood samples can be obtained directly through the catheter. The 
question of the safety of the procedure will determine whether these tech- 
niques will be profitably transferred from the experimental animal to man. 


Mitral insufficiency is readily detected on the roentgenogram when radio- 
paque material is instilled into the left ventricle. The size of the atrium is 
clearly recorded. The degree of opacification of the atrium would appear to 
be related to the size of the mitral reflux, but attempts to quantitate the regur- 
gitation on this basis are difficult. The rate and dose of injection, the time in 
the cardiac cycle when the roentgenogram is made, the degree of mixing and 
dilution of the contrast medium with the blood, the heart rate and rhythm, the 
size of the atrial chamber, and changes in roentgenographie technique may 
all affect the density of the left atrial shadow. Of interest in this connection 
is the observation that dogs with chronie mitral insufficiency of significant 
Size, as revealed by roentgenograms and post-mortem examination, demon- 
strate only minor or moderate changes in left atrial pressure pulse. An 
acutely produced defect of similar size usually results in significant elevation 
of the atrial v wave. It would appear that the heart gradually accommodates 
to mitral insufficiency and that with left atrial and pulmonary vein enlarge- 
ment and with changes in left atrial elasticity, the pressure rise in the left 
atrium becomes less marked. 

This much seems clear from the correlation of the radiographic and pres- 
sure studies presented here. The roentgen contrast technique is unusually 
sensitive and will detect small volumes of regurgitated material at a time when 
the pressure studies may fail to show anything but a minimal change. Maxi- 
mum opacification of the left atrium is quickly achieved as the degree of in- 
sufficiency increases, however, and further augmenting the amount of regurgi- 
tation does not significantly alter the density of the left atrium. On the other 
hand, while left atrial pressure tracings frequently fail to reveal minimal de- 
grees of reflux, they clearly reflect progressive increases in the amount of 
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regurgitation. With large degrees of insufficiency, the left atrial curve be- 
comes a more valuable guide in quantitative estimation of the reflux than the 
contrast roentgenogram. 

When mitral stenosis is superimposed on a significant mitral insufficiency 
by tightening a ligature above the mitral annulus, the pressure tracings dem- 
onstrate a significantly elevated atrioventricular filling pressure gradient 
while the pressure characteristics of insufficiency are obscured. The roentgen 
film still demonstrates distinet opacification of the left atrium by the regurgi- 
tating dye. If the stenosing ligature is passed below the mitral ring accord- 
ing to the technique of Davila and associates,’ a minimal stenosis definitely 
diminishes the amount of regurgitating contrast medium. However, even a 
high degree of stenosis does not completely obliterate the insufficiency as dem- 
onstrated by roentgenography. The reduction in mitral reflux produced by 
this technique, while significant, can only be achieved by adding an additional 
impediment to forward flow. 

The contrast visualization of lesions of the aortic valve by the retrograde 
‘atheter technique is relatively simple. Free reflux of the dye into the left 
ventricle occurs when aortic insufficiency is present. When a wide aortic 
pulse pressure is found there is usually no difficulty in the clinical diagnosis of 
aortie insufficiency. However, from these studies it can be seen that the 
superimposition of aortic stenosis upon insufficiency narrows the aortic pulse 
pressure and obscures its characteristic pattern. This occurs despite the fact 
that regurgitation of contrast medium into the left ventricle still takes place. 

The manner in which mitral and aortic stenosis and insufficiency was sim- 
ulated in these experiments does not duplicate the anatomic lesion as it occurs 
in the diseased state. However, the hemodynamic feature of free retrograde 
reflux through an incompetent valve has been retained and the observations 
made on these experimental preparations may correlate to a significant degree 
with valvular disease in man. 

SUMMARY 

1. Visualization of the left heart chambers and aorta in dogs with surgically 
produced mitral and aortic valvular lesions was carried out by means of direct 
ventricular puncture and retrograde aortic catheterization. 

2. The degree of aortic or mitral regurgitation on the roentgenogram was 
correlated with the change in the pressure tracings of the left heart chambers. 

3. The contrast radiographic technique appears to be more sensitive than 
changes in pressure pulses for the detection of retrograde reflux through the 
aortic or mitral valves. This is especially true in chronic preparations. 

4. Quantitation of aortie or mitral insufficiency by this contrast radio- 
eraphie technique appears difficult. 

5. A stenosing ligature passed below the mitral annulus definitely dimin- 
ishes but does not obliterate the regurgitation through the mitral valve and is 
associated with the appearance of an elevated left atrioventricular filling 


pressure gradient. 





Volume 40 MITRAL AND AORTIC INSUFFICIENCY 
Number | 


REFERENCES 


. Allison, P. R., and Linden, R. J.: Bronchoscopic Measurement of Left Auricular Pres- 
sure, Circulation 7: 669-673, 1953. 

. Bjork, V. O., Kjellberg, S. R., Malmstrom, G., and Rudhe, V.: The Diagnosis of Mitral 
Insufficiency, Am. Heart J. 49: 719, 1955. 

. Bjork, V. O.: Direct Pressure Measurement in the Left Atrium, the Left Ventricle and 
the Aorta, Acta chir. scandinav. 107: 466-476, 1954. 

. Braunwald, E., Moscovitz, H. L., Amram, 8. S., Lasser, R. P., Sapin, S. O., Himmelstein, 
A., Ravitch, M. M., and Gordon, A. J.: The Hemodynamics of the Left Side of the 
Heart as Studied by Simultaneous Left Atrial, Left Ventricular and Aortic Pres- 
sures; Particular Reference to Mitral Stenosis, Circulation 12: 69, 1955. 

5. Castellanas, A., and Pereiras, R.: Counter Current Aortography, Rev. Cubana Cardiol. 
2: 187, 1948. 

3. Cournand, A., and Ranges, H. A.: Catheterization of Right Auricle in Man, Proc. Soc. 
Exper. Biol. & Med. 46: 462-466, 1941. 

. Davila, J. C., Glover, R. P., Trout, R. T., Mansure, F. 8., Wood, N. E., Janton, O. H., 
and Iaia, B. D.: Circumferential Suture of the Mitral Ring, J. Thoracic Surg. 
30: 531-563, 1955. 

8. Kjellberg, S. R., Mannheimer, E., Rudhe, V., and Jonsson, B.: Diagnosis of Congenital 
Heart Disease, Chicago, 1955, Year Book Publishers, Ine. 

. Ponsdomenech, E. R., and Nunez, V. B.: Heart Puncture, Am. Heart J. 41: 855, 1951. 

. Wiggers, C. J.: The Pressure Pulses in the Cardiovascular System, London, 1928, Long- 
mans, Green and Company. 

. Wilder, R. J., Moscovitz, H. L., and Ravitch, M. M.: Roentgen Visualization of Experi- 
mental Mitral and Aortic Insufficiency in Dogs by Transventricular Injection and 
Retrograde Aortic and Ventricular Catheterization, J. Thoracic Surg. In Press. 











A SIMPLE, EXPENDABLE BLOOD OXYGEN-GAS EXCHANGER 
FOR USE IN OPEN CARDIAC SURGERY 
Ivan W. Brown, Jr., M.D., Witmer C. Hewitt, Jr., M.D.,* GLENN Young, M.D., 
Witt C. Seary, M.D., AND JEROME S. Harris, M.D., DurHaAM, N. C. 


(From the Departments of Surgery and Pediatrics, Duke University School of Medicine) 


MONG the major problems encountered in the development of extracor- 
A poreal circulation for open heart surgery have been the difficulties as- 
sociated with arterialization of the venous blood. With few exeeptions, most 
blood-gas exchangers have been either complex or presented considerable 
trauma or unfavorable surfaces to the labile proteins and fragile cellular ele- 
ments of the blood. 

Like Lillehei and associates,’ DeWall and Read,® and Callaghan and Ger- 
bode,? we have been interested in developing a simplified blood-gas exchanger 
for use with the dual Sigmamotor pump,t and we have considered the follow- 





ing requirements to be essential : 
l. Freedom from dependence on mechanical or electronie devices. 
2. Simplicity and hand operation. 
3. Freedom from bacterial or pyrogen contamination and capacity for 
steam autoclave sterilization. 
4. Smooth, nonwetting surfaces throughout preventing, as far as possible, 
damage to the various blood elements. 
d. Sufficiently rapid and efficient blood-gas exchange to permit flow rates 
up to 1,500 ¢.c. or more per minute. 
6. Low eost and expendibility. 
Krom our laboratory and limited clinical experience, we feel that the 
blood-gas exchanger described below fills these requirements and offers cer- 
tain other advantages not inherent in most oxygenators. 


DESCRIPTION 

The complete exchanger shown in Fig. 1 consists of a seamless bag of 
polyvinyl plastic similar to those recently introduced as blood transfusion 
containers. Sealed within and near the bottom of the bag is a ‘‘snarl’’ of 
plastic tubing which serves to increase the internal surface area. Prior to 
incorporation in the bag, the surface of this inner tubing is lightly coated with 
a film of Dow-Corning antifoam A.t We have found that a bag size designed 
for oxygenating and removing CO, from 500 ¢.c. of blood was ideal for low 
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Read at the meeting of the Society of University Surgeons, Indianapolis, Ind., 
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tObtained from Dow-Corning, Inc., Midland, Mich. 
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to moderate flow rate requirements.* This bag measures 14 inches by 434 
inches with a total capacity of 1,200 ¢.e. In addition to the blood, this pro- 
vides for a volume of 640 ¢.¢.} of 100 per cent oxygen at atmospheric pres- 
sure.t 

There are 3 sealed openings into the bag. ‘Two, used for introducing the 
blood, anticoagulant, and oxygen, are at the ends of a plastic Y tube. The 
third opening, at the top center of the bag for outflow of the oxygenated 





Fig. 1.—The bag blood-gas exchanger showing “snarl” of sealed tubing within and 
attached near top of bag. The sealed pull tabs which maintain sterility and permit sterile 
entrance to the bag openings can be seen covering the ends of the Y tube and central bottom 
outlet of bag. The short separate donor tube with attached needle is also shown. 


blood, permits the insertion of a commercial plastic blood recipient set. When 
used to collect blood from a donor, a short accessory donor tube (Fig. 1) with 
attached needle is connected directly to one end of the Y tube. The two limbs 
of the Y tube are of sufficient length to contain simple throw knots which 
quickly seal the tubes when pulled taut. 


*While we have used bags designed for oxygenating blood in units of 500 c.c., larger 
bags for oxygenating volumes of 1,000 c.c. or more could be obtained for use when high flow 
rates might be required. 

*This volume of 100 per cent oxygen was chosen on the basis of the gas volume re- 
quired to permit the evolution of sufficient COz from 500 c.c. of blood to maintain the pCO: 
and pH of the arterial blood within safe physiologic limits (Table I). 

{$A small amount of nitrogen, approximately 150 c.c., introduced at the time of auto- 
claving is present also in the bag. 
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The outflow tube from the patient bringing venous blood to the bags for 

gas exchange divides into 2 delivery tubes each coupled to a bag (Fig. 2). 
Similarly, 4 (or more) plastic transfusion reeipient sets, each with its own 
filter, are coupled together into a single tube before entering the inflow pump 











Fig. 2.—Small table with suspended metric scale for use while collecting the venous 
blood removed by the pump. Two or more bags are attached to the inflow tube. One bag is 
filled at a time and replaced by a new oxygen-containing bag while the second bag is filling. 
head (Fig. 3). As an added safeguard against air embolism, a simple sili- 

5 S S 
conized or plastic bubble trap (Fig. 3) is included in the inflow line just 
proximal to a 6-foot coil of the inflow tubing which is submerged in a small 


si 


laboratory water bath kept at 39° C. 
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The bags, donor sets, and inflow and outflow tubes, all expendable, are 
obtainable* packaged sterile, free of pyrogens, and ready for use. 


USE OF BLOOD-GAS EXCHANGER 


Collection of Donor Blood.—During the period before surgery, the volume 
of donor blood required for operation is estimated. This is determined by 
estimating the expected blood loss during surgery and the anticipated flow 
rate to be employed. We have employed, at least initially, flow rates of ap- 
proximately 35 ¢.c. per kilogram of patient weight per minute as suggested 
by Lillehei and associates’® (see Discussion). 






























































Fig. 3.—Diagrammatic sketch showing use of bag blood-gas exchanger as employed in 
heart and lung by-pass experiments in dogs. (A) Water bath maintained at 39° C., (B) Bub- 
ble trap, (C) Sigmamotor pump, (D) Venous outflow collection illustrating bag oxygenation, 
(E) Seale arrangement for inflowing oxygenated blood. 


Inasmuch as approximately one and one-half minutes{ is required (from 
the time venous blood starts entering the bag) to fully oxygenate each bag 
of venous blood returned by the pump (Table 1), sufficient oxygenated donor 
blood must be available for arterial inflow while the first bag of the patient’s 
venous blood is being collected and oxygenated. For instance, if a starting 
flow rate of 35 ¢.c. per kilogram per minute was chosen for a 10-kg. patient, 
approximately 525 c.c. of oxygenated donor blood would be pumped into the 


*Fenwal Laboratories, Inc., 47 Mellen Street, Framingham, Mass. 


+Whereas the release of COz from the venous blood occurs much more rapidly than 
oxygen uptake, this is more than sufficient time for the reduction of the pCO, to normal 


arterial level. 
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patient before any of his own blood could be readied for inflow. (However, 
onee the first bag of the patient’s oxygenated blood was connected to the in- 
flow cireuit, no further deficit would occur except that through operative 
blood loss.) Estimating an expected operative blood loss of 1,000 ¢.¢. (in- 
cluding the loss from intracardiac aspiration’), and allowing another 500 c.e. 
for priming the tubing of the inflow circuit (200 ¢.c.) with a reserve volume 
sufficient to give adequate time to make bag connections, a total of 4 pints 
of heparinized blood would provide a safety margin of 600 to 800 c.c. 
estimated required needs.* 


over 


TABLE I, BiLoop-GAs ANALYSES AT ONE AND ONE-HALF MINUTES BAG OXYGENATION IN VITRO 
EXPERIMENTS WITH 500 c.c. FRESH VENOUS BLOOD 


“| ‘BEFORE ~ AT ONE AND ONE-HALF MINUTES OXYGENATION 
Td Pera 4 BAG GAS 
CO, TENSION 


PER CENTO, | PERCENT O, BAG GAS 
SATURATION SATURATION A pH* PER CENT CO, MM. Hg 


BLOOD 
1 60.5 99.8 00° 4.09 30 
2 49.6 99.8 00 Ef 27 
3 81.9 99.4 .00 3.02 22 
4 80.0 99.8 + 05 3.3 24 


*Change in whole blood pH before and at one and one-half minutes oxygenation. Blood 
was two and one-half hours old at room temperature (24° C.) when experiments were per- 
formed, therefore due to glycolysis actual pH values were of little significance. 





The collection and oxygenation of the donor blood by use of the plastic 
bag is simpler and more efficient than methods previously described. The 


closure of one limb of the Y tube is pulled open, and after expressing all con- 
tained gas from the bag,t 20 ¢.e. of saline solution containing 18 mg. of 
heparin are introduced. The sterile donor tube is now attached to this same 
tube end and the donor’s vein entered with the needle. Five hundred and 
thirty grams of blood (net weight) representing 500 ¢.c. of blood are collected 
by gravity flow and by weighing on a small hanging metrie fish seale. The 
bag should be gently squeezed occasionally during the phlebotomy to insure 
thorough mixing with the heparin. Before withdrawing the needle from the 
donor, a simple throw knot, previously placed in this limb of the Y tube, is 
pulled taut to reseal the bag. A new throw knot is now placed loosely in the 
Y tube between the bag and the Y. The second (still unused) limb of the Y 
tube is now connected to a sterile gas filtert and 640 e.c. of 100 per cent oxy- 
gen measured into the bag by a ealibrated anesthesia flow meter valve (Fig. 
4). The second throw knot is now pulled taut to reseal the bag and all tubing 
distal to it cut off and disearded. 

The bag is now rocked gently back and forth so as to repeatedly spread 
the blood over the entire inner surface of the bag and its contained ‘‘snarl’’ 
of tubing. If movement and mixing of the blood within the bag has been 


_. *An additional 500 c.c. of fresh oxygenated donor blood collected in a plastic bag con- 
taining acid citrate dextrose or EDTA glucose might be desirable as the final blood delivered 
intra-arteriaily by the pump. This is similar to the suggestion of Newman and associates” 
who administer unmodified fresh whole blood via siliconed syringes. 

_ 7A small amount of nitrogen introduced during autoclaving remains in 
sterilization. 
t¢Gas filter housing obtainable from Arthur D. Little, Inc., Cambridge, Mass. Glass 
fiber filter pads No. X934AH obtainable from H. Reeve Angei & Co., 52 Duane St., New York 7, 
ae 


the bag after 
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proper, the bright red appearance of fully oxygenated blood will be apparent 
within two minutes.* The bag of blood is now ready to be connected to one 
of the conventional blood transfusion filter drips of the inflow tube, the latter 
already having been primed from a standard intravenous bottle of saline- 
glucose and all bubbles flushed out by a period of pumping. Four or more 
such bags of oxygenated blood may thus be eonnected simultaneously to the 


inflow tube (Fig. 3). 

The bags are suspended from a multiple place holder attached to a large- 
dial, hanging metric scale with increments of 10 Gm. and total capacity of 9 
kg. Prior to suspending any bags the zero set of the scale is adjusted to 


Fig. 4.—Oxygen (100 per cent) being measured into bags prior to use. A small cali- 
brated anesthesia gas valve is sufficient for this purpose. The oxygen is filtered through a 
sterile stainless steel gas filter before entering the sterile container. 


nullify the weight of the holder, the empty weight of the bags, and the inflow 
tube set. Thus, the arterial inflow rate of the blood ean be measured in grams 
per minute by direct reading and timing with a stopwatch. 

The bags for collecting the outflow of venous blood from the pump are 
first filled with oxygen through one limb of the Y tube and the tube sealed 
as described above (Fig. 4). A number of bags are filled, sealed and ready 

*When the oxygen is introduced into the bag after the blood has been collected. as 


described here for donor blood, approximately one-half minute more is required for oxygenating 
than when the oxygen is already in the bag and oxygenation carried out as the blood enters it. 
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for use before the operation is started. The bags are connected to the outflow 
tube by way of the remaining limb of the Y tube, and two such bags are con- 
nected simultaneously (Fig. 2). Each of these receiving limbs of the Y tube 
have a slip pinch clamp attached for opening or closing the inflow to each bag. 
As soon as 530 Gm. have been collected in one bag, as determined by weight 
on a second metric dial seale with hanging pan, the inflow is clamped off and 
diverted to the second bag. The throw knot is now pulled taut, the bag de- 
tached and a new bag attached in its place. While the bag is filling with blood 
it is rocked back and forth as described above for approximately one and one- 
half minutes or until saturation with oxygen is evident by the bright red color. 
The bag is now ready for transfer to the inflow circuit as described. 

The rate of venous outflow is measured by weight of blood per minute 
just as the arterial inflow. Two assistants, one changing the outflow bags and 
monitoring the outflow rate and the other changing the inflow bags and moni- 
toring the pump and inflow rate, are all the personnel required in addition to 
the regular operating room staff. 


EXPERIMENTAL STUDIES 


A number of in vitro studies were first carried out to determine the effi- 
cieney of the plastic bag as an artificial lung. Oxygen saturation® and pH* 
were determined on 500 ¢.c. amounts of freshly drawn, heparinized venous 
blood and the blood pumped at rates of approximately 350 ¢.c. per minute into 
bags containing 640 c.c. of 100 per cent oxygen. 

As the blood entered the bags, they were rocked back and forth to spread 
the blood over the bag’s internal surfaces as described above. One and one- 
half minutes after the first blood entered the bags (at this flow rate the bags 
then contained 500 ¢.¢c.) samples were taken immediately for blood-gas studies 
and pH determinations in addition to samples of bag gas for nitrogen, carbon 
dioxide, and oxygen analysis.° Pertinent results of representative studies 
are shown in Table I. 

Serial determinations of the pCO., O. saturation and pH of femoral artery 
blood were made on a series of dogs undergoing various cardiac operative 
procedures with cardiae by-pass in which the bag oxygenator described was 
used with the Sigmamotor pump as the extracorporeal circulation. In these 
experiments the pump-oxygenator was employed for periods from 25 to 30 
minutes at flow rates averaging 35 ¢.c. per kilogram per minute (Table II). 

Studies of in vivo red blood eell survival using radioactive sodium 
chromate*®'’ and of osmotic fragility’t and plasma fibrinogen were made on 
fresh heparinized human blood which had been recirculated in a continuous 
eycle through the pump-oxygenator for one-half hour without passing through 
a patient. The results of this study are shown in Figs. 5, 6, and 7 and Table 
III (in vitro data). 


(38 cee on Beckman pH meter corrected for temperature. pH (corrected) = 0.0147 
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In addition to those previously mentioned, plasma fibrinogen levels* were 
determined in most dog experiments both before and immediately after per- 
fusion (Table IIL). 


@ Pre-pump e Pre-pump 
x Post-pump x Post-pump 


RBC SURVIVAL PERCENT 
RBC SURVIVAL PERCENT 

















DAYS 
Fig. .5. 


Figs. 5 and 6.—In vivo human red-cell survival curves obtained in four healthy recipients 
who received blood tagged with radioactive chromium in two experiments. In each experiment 
blood was recirculated through the pump-oxygenator for thirty minutes (blood did not circulate 
through a patient in either experiment). In each graph the solid dots represent the control 
red-cell survival in the recipients who received samples of blood obtained from the bags, 
tagged and transfused before starting the pump oxygenator. The crosses (x) represent the 
survival in other healthy recipients who received the same blood but tagged and administered 
after thirty minutes of recirculating in the pump-oxygenator. 
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Fig. 7.—Osmotic fragility curves of red cells cbtained from same experiment described 
in Fig. 5. Open circles: before circulation through pump-oxygenator. Crosses (x)): curve 
obtained on same blood after thirty minutes’ circulation in pump oxygenator. Both curves 
are superimposable and within the normal range. 


Pre- and postperfusion plasma hemoglobin levels were determined spec- 
trophotometrically as cyanmethemoglobin.* Platelets were enumerated by 
phase microscopy according to the method of Brecher and Cronkite.* 


*Determined by micro Kjeldahl analysis,‘ 
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DISCUSSION 
As will be noted from the data in Table I and II, the plastic bag acts as 
an efficient and sufficiently rapid blood-gas exchanger to permit its use in a 


pump-oxygenator circuit. The volume (640 ¢.c.) of O, chosen for equilibra- 


tion with approximately 500 ¢.c. of blood is certainly adequate to prevent ae- 
cumulation of CO, as will be seen not only from the fact that the gas contains 
20 to 30 ¢.e. CO, after equilibration but also from the pCO, values during the 
perfusion periods (Table II) and the close approximation to alveolar air of 


TABLE II. FEMORAL ARTERY BLOOD VALUES 


DURATION | 
PER- 
FUSION 
( MIN- 
UTES ) 


DURING PERFUSION 
| | | MIN. |_ 
| AFTER 
pH |START|O, SAT. 


AFTER PERFUSION 
MINUTES 
AFTER 





| 
BEFORE PERFUSION | 


0, SAT.| pco, | pH pco. pH 


DOG 


O, SAT. 





A 25.0 99 


31.7 100 


100 


TABLE III. 


SUBJECT 


Human blood in vitro 


Human blood in vitro 
Human patient in vivo 
Dog G in vivo 
Dog H in vivo 


22.0 7.85 


7.51 
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100 
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100 
100 
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100 


pco, 


47.0 
38 


4] 


—.) 


29 
9g 


14 


RROD WN Soo 


= 


_ 
wt 


‘ 


30 
40 
35 
64 
0 
70 


o~ 
om 


Fie Bee Bees Moet Bet Boat Bt | 


ae 
ol 

25 
20 
24 
4 
.o4+ 
18 


_— 


DD . 
NIN V-10°" 


PERFUSION 


PERFUSION 
(MINUTES ) 


80.00 


30.0 
130.0 


DURATION OF 


BEFORE 
234 
234 


296 


19 14. 


19 ov 


100 


PLASMA FIBRINOGEN LEVELS BEFORE AND AFTER PUMP 


FIBRINOC 


16.1 


10.1 


3AG OXYGENATOR 


iEN 


MG. PER CENT 


AFTER 
276 
182 
279 
284 


361 


the gas remaining in the bags after oxygenation (Table I). 
been a tendency toward low arterial pCO, values in all our dogs during the 


perfusion period.* 


PER CENT 
CHANGE 


In fact, there has 


In spite of low arterial pCO, and the tendeney toward 


‘‘respiratory’’ alkalosis, pH values during perfusion shown in Table IT tend 
to be low except in the ease of Dog C. 
by others* ?° 7? as due to metabolic acidosis occurring during the perfusion 


This drop in pH has been deseribed 


period partially compensated for by the respiratory alkalosis from excess loss 
of CO, in the oxygenator. Because of this counterbalancing effect, we have 


*The low values shown before and after perfusion in these dogs probably resulted from 
hyperventilation by our automatic animal respirator. 
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not felt it necessary to add CO, to the O, before oxygenation. We have ob- 
served that the degree of metabolic acidosis seems related not only to the 
blood flow during perfusion, but particularly to the blood pressure main- 
tained by that flow. We have observed consistently that there is less meta- 
bolic acidosis when the blood pressure is maintained toward normal. This is 
illustrated by Dog C (Table II) whose high arterial pH values during per- 
fusion are more consistent with the low arterial CO, tension. This dog’s sys- 
tolie blood pressure averaged above 80 mm. Hg during the entire thirty-minute 
perfusion period. We have also been impressed with the necessity of main- 
taining the blood pressure above 70 mm. Hg in order to prevent brain damage 
and slow recovery from anesthesia if the perfusion continued more than fif- 
teen to twenty minutes. Frequently this has required our increasing the flow 
rate after the first ten to fifteen minutes of perfusion. 

While we have not noted any definite tendency toward vasodilatation dur- 
ing perfusion, the independence of our inflow and outflow circuits afforded by 
the bag-oxygenator has permitted us to change either the inflow or outflow 
to suit the immediate condition of the animal’s cardiovascular status. In 
ease of severe hemorrhage it is possible to shut down the outflow and step up 
the inflow sustaining the animal entirely on oxygenated donor blood until 
bleeding is controlled. The ability to accurately measure independently the 
inflow and outflow rates by weight throughout the perfusion is a decided ad- 
vantage. 

Osborn and associates'® have presented indirect evidence of harmful ef- 
fects by some pump-oxygenators on red-cell survival. Most observers have 
noted some hemolysis of red cells during perfusion with varying levels of 
plasma hemoglobin. 

We have studied both immediate hemolysis and subsequent in vivo red 
cell survival with our pump-oxygenator and have found only minimal he- 
molysis during perfusion and relatively normal red-cell survival after thirty 
minutes of in vitro perfusion through pump and oxygenator (Figs. 5 and 6). 
Osmotie fragility curves from one of these in vitro experiments, determined 
both before and after pumping, were almost identical in the normal range 
(Fig. 7). This latter survival and osmotie fragility study of red eells ecir- 
culated in vitro was chosen in order to rule out possible sequestration of dam- 
aged red cells by the patient’s spleen and reticuloendothelial system during 
the cireuits through the patient’s circulation. 

The Cr* tagged red cells of one patient perfused for over two hours dur- 
ing operation for transposition of the great vessels have been followed for a 
short period in the circulation of a healthy recipient with a relatively normal 
survival curve (Fig. 8). The immediate postperfusion plasma hemoglobin 
level in this patient was 10.8 mg. per 100 ¢.c. and osmotic and mechanical 
fragilities of the red cells were normal (Fig. 9). 

Osborn and associates'® also deseribed defibrination associated with fi- 
brinolytie activity in some of their pump-oxygenator experiments. We have 
not observed either of these phenomena with our pump-oxygenator. Plasma 
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fibrinogen levels have remained in the normal range (Table III), and there 
has been no evidence of increased fibrinolytic activity in our plasma or serum. 
Perhaps the absence of these various adverse effects in our experiments ean 
be attributed to the smooth, nonwetting surfaces throughout our pump and 
oxygenator and the minimum frothing and turbulence to which the blood is 
subjected in the bag-oxygenator. We feel our few problems with immediate 
postoperative bleeding can be attributed to our overzealous use of heparin. 

We have noted a consistent drop in blood platelets averaging 50 per cent 
of the preperfusion level. However, we have not observed a depression in 
platelet count to hemorrhagic levels. 

Thus far, we have had no actual experience with the bags at flow rates of 
1,000 ¢.c. per minute or greater such as might be required for an adult patient. 
However, for flow rates in this range, larger bags designed to oxygenate 1,000 
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Fig. 8.—Early normal in vivo survival curve of red cells in a healthy recipient who had 
been transfused with Cr! tagged red cells taken from a patient undergoing cardiac surgery at 
the end of a pump-oxygenator perfusion lasting over two hours. 

Fig. 9.—Showing normal osmotic fragility curve of red cells postperfusion from same 
patient as in Fig. 8 
¢.c. of blood would be recommended. The bags are fabricated of thin-wall, 
large-bore, plastic tubing, and increasing the bag size presents no special prob- 
lems. Thus, the only limiting factor for higher flow rates would be the initial 
supply of oxygenated donor blood to sustain the patient until the first bag 
of venous blood had been oxygenated. Inasmuch as this process requires but 
one and one-half minutes and allowing an additional one-half minute to trans- 
fer the bag, we have ealeulated that even at a flow rate of 1,500 ¢.c. only 6 
to 8 pints of donor blood would be required. 

We are hopeful that further experience with this oxygenator in conjune- 
tion with the Sigmamotor pump will provide evidence for a means of safely 
sustaining the circulation for considerably long periods. 


SUMMARY 
A simple, expendable, plastic blood oxygenator for use in extracorporeal 


circulation has been deseribed. 
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Experimental studies in dogs and observations made on one patient per- 
fused during cardiac surgery for over two hours have revealed efficient blood- 
gas exchange, normal postperfusion red-cell survival, red-cell osmotie fra- 
gility, and low plasma hemoglobin levels. Plasma fibrinogen levels determined 
before and after use of the oxygenator have remained normal. A reduction 
of approximately 50 per cent in the platelet count has been observed. 


In addition, the bag-oxygenator described is designed to collect and 
rapidly oxygenate venous blood directly from a blood donor. In this respect 
it may be used in other instances when the transfusion of oxygenated blood 
might be desirable. Other advantages and limitations are discussed. 
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ADDENDUM 


Since submitting this paper for publication, observations of in vivo survival over 
longer periods than reported here have shown that the ultimate survival of red cells 
recirculated through the pump-oxygenator is materially altered. Further studies of in vivo 
red-eell survival are currently being carried out and will be the subject of a later report. 
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DISCUSSION 


DR, GEORGE CLOWES (Cleveland, Ohio).—I would like to congratulate the authors 
on such a simple and effective piece of equipment, Two years ago we presented befor 
this meeting a bubbling device; it seemed to work pretty well at that time, and yet there 
was a small percentage of animals which died following total perfusion. The longer the 
perfusion the greater the mortality. We could do total perfusions of one-half hour in 20) 
dogs with one death of unexplained origin; at an hour the mortality was greater, and at 
two hours it was almost 100 per cent. 

What was the cause of this unexplained death? We were suspicious of embolization 
by fibrin deposited in the bubbler. Further work was done on the subject and we were 
able to demonstrate, both by the use of electroencephalograms, showing complete sup- 
pression of the brain waves in certain dogs, and by the use of a flowing film of blood un- 
der a microscope, that our surmise was correct. To make a long story short, wherever 
blood foam remains static in any system designed for oxygenation, denaturization of 
protein is probably taking place in the bubble wall. This in turn results in fibrin de- 
posits. 

[ was much interested in Dr. King’s paper vesterday. In essence, the machine he 


presented is much the same as we used, only his is plastic. If I remember correctly, he 


had a 50 per cent mortality with his dogs perfused for approximately one-half hour. | 
I think he is having something of the same kind of trouble we were. Furthermore, | 
don’t understand why Dr. Lillehei and his group in Minneapolis are having so much sue 
cess with the bubbling devices, but their reports are certainly encouraging. The answer 
probably lies in the fact that they do not have any static foam anywhere in their system. 


Everything is kept moving, so no one bubble lasts too long. 

To get away from this hazard of blood bubbles and fibrin formation, we have de- 
voted our attention recently to the development of an oxygenator dependent upon the 
diffusion of oxygen through plastic membranes into a thin film of blood flowing between 
them. This in many ways seems more physiologic. But perhaps the authors of the 
present paper have hit on an even simpler system to avoid emboli and blood damage. 


Thank you. 


DR, K. E. KARLSSON (Brooklyn, N. Y.).—When Dr. Clowes presented his paper two 
years ago, I made some remarks, so I couldn’t resist the temptation now. 

As I stated at that time, I thought that most of our deaths after perfusion with the 
pump oxygenator were probably due to air embolism because some of our dogs would look 
normal after perfusion, some would wake up slowly and just look rather sick before dying, 
and others would survive for a number of hours or even a couple of days and then die 
without gaining consciousness. We did some experiments with injecting air and oxygen 
into the internal carotid artery of dogs so that it would be directed to the brain, and we 
found exactly the same thing. We found that 1 ¢.c. to 1.5 ¢.e. of air per kilogram of body 
weight in the internal carotid artery of the dog would cause very minimal symptoms 
in some dogs and kill others, with a complete diversity of symptoms and signs in be- 
tween. Two or three c.ec. of oxygen per kilogram into the internal carotid artery of the 
dog would leave some dogs completely normal, so far as we could tell, and cause varying 
degrees of neurologic damage in others, even causing death in some animals. I just want 
to emphasize that gas embolism going to the brain may produce variable signs and symp- 
toms, and one may have this trouble with some dogs surviving, others dying, and others 


being only a litle sick. Thank you. 
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ANY of the changes observed after surgery in electrolytes, nitrogen 

metabolism, and hormones?” are probably reflections of altered 
cellular activity. A better understanding of some alterations may perhaps 
come from investigation of the individual cells involved. Attempts to study 
the problem on a ¢ellular level are now being made in our laboratory. For 
these studies, the relatively new methods of microspectrophotometry (for re- 
view, see Pollister,’* Leuchtenberger®) were employed. These methods allow 
the quantitative determination of important cellular building stones such as 
the nucleoproteins in single cells in situ directly under the microscope. Two 
of the cellular components which seemed of particular interest for our study 
are the desoxyribonucleie acid (DNA) in the nucleus and the tyrosine in the 
cytoplasm. 

In recent years it has been demonstrated that the DNA which is located 
in the nuclei of all the cells is a very stable substance, constant in quantity 
and probably a part of the genetic material.’:?* On the other hand, tyrosine, 
an amino acid derived from the essential amino acid, phenylanaline, is closely 
linked with the protein metabolism of the cells. 

This report is concerned with our study of these two substances in the 
hepatie cells of dogs before and after surgery. 





















METHODS 







Material and Surgical Methods.—Healthy mongrel dogs were used throughout this 
experiment. They were maintained on a standard kennel ration. All animals were gaining 
weight and in apparent good health before surgery was performed. The period of pre- 
operative observation ranged from six to seventy-two days. Intravenous Nembutal 
(0.5 ee. per kilogram body weight) was the anesthetic agent used. In all experiments the 
liver was biopsied immediately upon entering the peritoneal cavity. Various surgical 
procedures such as exploratory laparotomy, cholecystectomy, or subtotal gastrectomy were 
performed, at the completion of which a second liver biopsy was obtained from an area 
widely divorced from the site of the initial biopsy and the abdomen closed. The animals 
were sacrificed from three to ninety-six hours following surgery whereupon a third liver 
biopsy was immediately obtained; each animal thereby serving as its own control. 
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The postoperative course in all animals was uncomplicated and in the instance 
where the period of experimental observation extended beyond twenty-four hours, the 


preoperative diet was resumed on the first postoper 


rative day. 


All tissues removed were fixed, embedded in paraffin, sectioned, and stained in an 


identical manner. 
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Fig. 1.—Amount of DNA in nuclei (Fuelgen microspectrophotometry ) 
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cells from 4 


Cytochemical Methods.—For the estimation of DNA in individual nuclei, microspectro 


photometry of the Feulgen reaction was used as previously described.’, 14 


For the estimation 


of tyrosine in individual nuclei and in cytoplasm, microspectrophotometry of the Millon re- 
action was carried out as described earlier.1s The validity of Feulgen and Millon micro 
spectrophotometry for the quantitative determination of DNA and tyrosine, respectively, has 


been repeatedly demonstrated and discussed in detail. 


RESULTS 


3, 8, 12 


In Tables I and II the tyrosine and DNA data based on 3,000 individual 


measurements in liver cells from seventeen dogs are presented. 
first the DNA data (Table II, Fig. 1) it can be seen that there are no significant 


Considering 
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TABLE I. TYROSINE CONCENTRATION IN NUCLEI AND CYTOPLASM (MILLON MICROSPECTRO- 
PHOTOMETRY) OF LIVER CELLS FROM SEVENTEEN DOGS AFTER LAPAROTOMY, 
CHOLECYSTECTOMY, AND GASTRECTOMY 








NUMBER CYTOPLASM 


OF HOURS NUCLEI MEAN 
TYPE OF DOG MEASURE- AFTER MEAN’ |STANDARD| EXTINC- |STANDARD 
OPERATION NUMBER MENTS |OPERATION*|EXTINCTION| ERROR TION ERROR 
Laparotomy 1817 40 0 .260 .009 .225 007 
80 6 212 .008 210 006 
1832 80 .180 .005 .176 .006 
160 j .200 .006 .216 .006 
1831 40 .198 005 147 .008 
160 .186 .008 178 007 














Cholecystectomy 1843 40 280 005 220 007 
220 j 272 007 235 .008 
1844 40 240 009 .200 007 
160 j 202 007 .230 008 
1688 60 262 .006 207 01 
60 .268 .009 256 01 
1531 40 218 01 .188 .008 
60 178 005 196 005 
1565 40 .199 O1 187 .006 
40 219 .005 218 .004 
40 197 008 159 01 
40 197 007 183 OL 


215 .009 .196 .008 
235 .008 .260 .008 
.159 .005 132 005 
174 .006 .189 .007 
.253 .009 211 01 
.294 01 313 01 


Gastrectomy 40 
40 
40 
40 
40 
40 
40 204 O01 240 O01 
20 
60 
40 


2245 .02 .199 .02 
.238 .006 .225 .006 
222 .005 me 01 
160 222 .006 210 .006 
40 .236 .007 217 01 
40 72 247 01 .264 01 
1846 80 0 220 006 .200 007 
160 12 .230 .008 263 008 


0 
i 
0 
6 
0 
6 
40 0 .249 .O1 .234 .008 
6 
0 
6 
0 
6 
0 





Total Number of Measurements = 2,320. 
*0-hour indicates initial biopsy. 


TABLE IT. AMOUNT OF DNA IN NUCLEI (FEULGEN MICROSPECTROPHOTOMETRY ) OF LIVER CELLS 
FrRoM Four Docs AFTER GASTRECTOMY AND CHOLECYSTECTOMY 








NO. OF 
| MEASURE- HOURS AFTER STANDARD 
TYPE OF OPERATION DOG NO. MENTS OPERATION * MEAN DNA ERROR 
Gastrectomy 1785 40 0 2.74 .06 
‘ 80 6 3.08 .O8 
1769 40 0 2.93 .08 
80 6 2.79 .06 





( ‘holeeystectomy 2: 40 0 3.12 .06 
80 6 Fb .08 

160 0 2.99 .06 

160 72 2.90 05 





Total No. of Measurements = 680. 
*0-hour indicates initial biopsy. 
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Fig. 4.—Tyrosine concentration in nuclei (Millon microspectrophotometry) of liver cells from 
8 dogs after gastrectomy. 
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Fig. 5.—Tyrosine concentration in cytoplasm (Millon microspectrophotometry) of liver cells 
from 6 dogs after cholecystectomy. 
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DNA differences between the preoperative and postoperative liver nuclei. The 
tyrosine content of the liver nuclei before and after surgery (laparotomy, 
cholecystectomy, and gastrectomy) (Table I, Figs. 2, 5, and 4) does not show 
a consistent behavior. Some of the dogs have the same, some a smaller, anid 
some an inereased tyrosine concentration after surgery. 

It can also be noted that the tyrosine increase in the liver nuclei is more 
frequent and higher in the gastrectomized dogs than in the liver nuclei after 
laparotomy and cholecystectomy. However, when the tyrosine content in the 
cytoplasm was determined, a constant increase in all but one animal was ob- 
served following surgical stress and became apparent as early as three hours 
following surgery and persisted in some animals for as long as ninety-six 
hours after trauma (Table I, Figs. 2,5, and 6). 
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Fig. 6.—Tyrosine concentration in cytoplasm (Millon microspectrophotometry) of liver cells 
from 8 dogs after gastrectomy. 


DISCUSSION 

In light of limited present-day knowledge concerning the effect of surgical 
trauma on the function of single cells and the incomplete understanding of the 
role of individual amino acids in protein metabolism the foregoing results are 
difficult to assess. 

However, in so far as the DNA studies are concerned it might well be 
expected that no significant alteration would be detected. As pointed out 
previously, DNA is a very stable substance and with very few exceptions’ 
altered metabolism of cells does not lead to changes in the constant DNA 
quantity. 

Two possible explanations for the elevation of cytoplasmic tyrosine post- 
operatively suggest themselves, It is conceivable that the increase in tyrosine 
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Number! 
is due to mobilization of products of increased protein catabolism to the liver. 
A second possibility to be considered is that this is a manifestation of in- 
creased protein synthesis by the liver itself. Recent indirect evidence in 
support of the latter view is afforded by our previous studies* demonstrating 
morphological changes in these postoperative liver cells which are highly 
reminiscent of the changes seen in liver cells actively engaged in protein syn- 
thesis following a period of starvation (Lagerstedt,? Caspersson?). Further- 
more, the increase in the tyrosine concentration in the nuclei of the liver cells 
of some of the dogs also suggests protein synthesis. However, this latter 
interpretation must be regarded with extreme caution since, as mentioned be- 
fore, the inerease of tyrosine in the nuclei was not a consistent finding. 

The state of cellular hydration probably does not account for the ob- 
served changes inasmuch as the size of the cells remain unchanged. Likewise, 
hlood loss per se apparently does not influence the results since in the animals 
undergoing exploratory laparotomy the amount of blood loss was negligible 
and yet a significant elevation in cytoplasmic tyrosine was recorded. It is 
obvious that more work has to be done before a satisfactory explanation of 
the elevated cytoplasmic tyrosine can be given. 

A finding which we feel is deserving of special consideration is the 
rapidity with which the elevation of eytoplasmic tyrosine occurs following 
surgery. This response which was present in animals as early as three hours 
following surgery assumes added significance when we bear in mind that this 
is being observed in the cells of an organ not directly involved by the surgi- 
eal trauma. 

SUMMARY 


1. In dogs subjected to surgieal stress an inerease in the tyrosine content 


of the hepatie eell evtoplasm was observed. 
2. Elevation in the cytoplasmic content of tyrosine was noted as early as 


three hours following surgery. 
3. No consistent changes in the tyrosine content of the nuclei was observed. 
4. The DNA content in nuclei remained unchanged after surgical stress. 
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THE NONOPERATIVE TREATMENT OF TRAUMATIC CHYLOTHORAX 
JAMES V. MALoney, Jr., M.D.,* AND FRANK C. SPENCER, M.D., BaLTrmore, Mb. 


(From the Department of Surgery, Johns Hopkins University and the Johns Hopkins Hospital) 


COLLECTION of chyle in the pleural cavity secondary to injury to the 

intrathoracic lymphatic system has until recently been sufficiently rare to 
be a medical curiosity. In a recent review, Goorwitch® was able to collect 
only 90 cases. Most of the cases reported before 1938 were due to closed tho- 
racic trauma or to perforating injuries such as bullet and stab wounds. Since 
that time there has been a progressive inerease in number of eases secondary 
to surgical trauma. The rising incidence of chylothorax is significant in that 
it parallels the increasing number and scope of intrathoracic surgical pro- 
cedures. Since the mortality associated with this syndrome has been reported 
to be as high as 50 per cent,‘ the problem is becoming an increasingly impor- 
tant one in thoracie surgical practice. 

There have been several excellent reviews of this subject published in con- 
nection with ease reports. Hoffman, Ivins, and Kern® have described well the 
history, anatomy, physiology, and diagnosis of the syndrome. The reviews by 
Shackelford and Fisher (1938),'° Lampson (1948),’ and Goorwiteh (1955)° 
illustrate the current trends in incidence, therapy, and mortality. Shackelford 
and Fisher reviewed 41 cases which they found reported between 1695 and 
1936. None of the cases were due to surgical trauma; none were treated by 
thoracotomy; and, the mortality was 46 per cent. Ten years later Lampson 
reviewed 18 additional reported cases, 22 per cent of which were due to surgi- 
eal trauma, one of which was treated by thoracotomy and ligation of the 
thoracic duet, with over-all mortality of 39 per cent. Goorwitch’® recently 
reviewed 31 additional cases, 39 per cent of which were due to surgical trauma, 
48 per cent of which were treated by operation, with an over-all mortality of 
10 per cent. The trend toward the operative treatment of chylothorax is there- 
fore well established. 

The present discussion presents 13 additional cases of traumatic chylo- 
thorax. These cases merit review since they were treated without mortality 
and since our success with the nonoperative treatment is in direet contradic- 
tion to recent reports in the literature. 


CLINICAL DATA 


This study ineludes cases in which a diagnosis of chylothorax was re- 
corded at this hospital since 1947. In the 20 years preceding this date the diag- 
nosis was not made, perhaps because of a lack of recognition of the syndrome. 
eas rrr at the meeting of the Society of University Surgeons, Indianapolis, Ind., Feb. 
-11, 1956. 


*Present address: 
Los Angeles. 


Department of Surgery, University of California Medical Center at 
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Kight of 21 cases so recorded were nontraumatie in origin (5 associated with 
malignancy, 1 with mediastinal hygroma, 1 in a newborn, and 1 associated 
with obliteration of the left subclavian vein with fibrous obliteration of the 
terminal thoracie duct). The remaining 13 cases were traumatie in origin 
and serve as a basis of this report. 

Incidence.—Pertinent data on the 13 cases is summarized in Table I. All 
cases occurred in association with surgery on the heart or great vessels. With 
one exception, the patients were children. During the period of the study, 
2,660 cardiovascular operations were performed; the incidence of chylothorax 
as a complication of surgery was, therefore, 0.5 per cent. On 8 occasions 
chylothorax occurred after left thoracotomy and on 5 occasions after right 
thoracotomy. There was equal likelihood of chylothorax after right- and left- 
sided operations, since 60 per cent of all cardiovascular operations were per- 
formed on the left side. It is remarkable that no case was recognized follow- 
ing operations on the lung, esophagus, and mediastinum. It is particularly 
difficult to understand why operations on the esophagus do not more fre- 
quently injure the immediately adjacent main thoracie duct. During the 30 
years covered by this survey, there was no ease of chylothorax due to trauma 
other than surgical. This would seem unusual since perforating and closed 
thoracic trauma is commonly seen at this large metropolitan hospital (250,000 
annual patient examination rate.) 

Examination of the hospital records suggests that this syndrome may be 
much more frequent than these figures indicate. Collections of pleural fluid 
following thoracotomy were quite frequent and were satisfactorily treated by 
multiple thoracenteses. Cases of chylothorax in this group may have gone 
unrecognized unless the diagnostic microscopic and chemical tests for chyle 
were performed. 

Clinical Picture.—The symptoms commonly described as associated with 
echylothorax are dyspnea, pallor, shock, and cyanosis, the sudden onset of 
which occurs after some delay following physical or surgical trauma. In no 
instance was this symptomatology seen in the cases reported here. The rela- 
tively small volume of chyle obtained on the first thoracentesis indicates that 
the chyle collection was detected before it became large enough to cause severe 
cardiorespiratory dysfunction. There were no symptoms characteristic of 
chylothorax ; diagnosis in every instance was made by physical or radiographic 
examination. 

The onset of chylothorax was often delayed, averaging eight days (one to 
twenty-two days) from the time of surgery. This has been noted by other 
authors and has been attributed to the late rupture of ligated duets from in- 
creased lymphatic pressure, and to the rupture of mediastinal collections of 
chyle into the free pleural cavity. 

Diagnosis.—The diagnosis is readily made by thoracentesis when pleural 
effusion is found in a postthoracotomy patient by a physical examination and 
confirmed by radiography. The milky fluid, frequently stained pink by small 
amounts of blood, is characteristic. The unwary observer may confuse it with 
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empyema. The fluid is odorless and sterile on culture. Microscopie examina- 
tion shows abundant lymphocytes and rare polymorphonuclear leukocytes. 
The refractile droplets seen through the microscope may be identified as fat 
hy staining with the lipophilic dye, Sudan IIT. The emulsified fat which gives 
chyle its characteristic milky appearance ean be cleared by shaking a specimen 
of the fluid in a test tube with ether. 

Nutrition None of the cases reported in this series showed progressive 
weight loss or fall in serum protein, probably due to the fact that drainage of 
chyle was usually not long continued. About half of the cases were empiri- 
cally placed on a low-fat, high calorie diet. The use of a low-fat diet is re- 
peatedly recommended in the literature for reducing chyle production. The 
fundamental studies of Drinker? on the physiology of the lymphatic system, 
however, indicate that fat ingestion alters the fat content of chyle but in no 
way changes its quantitative production. Therefore, it would seem more 
rational to increase oral fat intake rather than restrict it in the presence of 
continued loss. 

Aspiration Treatment.—Initial treatment in all cases consisted of multiple 
thoracenteses. A thoracentesis was performed whenever there were clinical 
or radiographie signs of significant reaceumulation of fluid in the chest. Such 
reaccumulation usually occurred in from one to three days. The average case 
required 6 thoraecenteses (range 1 to 14) performed at intervals of from one to 
three days. An average of 330 ml. of chyle was removed each time (ex- 
tremes 10 to 1,000 ml.). It has been repeatedly stated in the literature that 
failure of the patient to produce progressively decreasing amounts of chyle 
shows lack of response to aspiration therapy and, henee, is an indication for 
early surgery. The present data offer no support to this coneept. Only 2 
patients in this series showed a significant progressive decrease in the amount 
of chyle produced. In general, the rate of accumulation was constant, and 
the effusion disappeared suddenly and unpredictably after one of the thora- 
centeses. The average volume of the final thoracentesis preceding disappear- 
ance of the effusion was actually slightly greater than the average volume of 
all preceding thoracenteses (340 ml. vs. 330 ml.). This observation suggests 
that eure results, not from the gradual healing of the injured lymph duet, but 
rather from obliteration of the pleural space. An attempt is made, therefore, 
to achieve a complete aspiration of all fluid so that the visceral and parietal 
pleura are in apposition. Seaman® has also indicated his belief that cure re- 
sults from obliteration of the pleural space and recommends aspiration of 
chyle to permit approximation of the pleural surfaces. 

If the mechanism of cure be the fusion of opposing pleural surfaces, 
closed catheter drainage permitting continuous removal of chyle is theoreti- 
‘ally superior to the intermittent aspiration used in this series. Closed catheter 
drainage was not used only because of the favorable results with simple 
aspiration. There is probably little danger of infection from catheter drainage. 
Lampson’ has demonstrated that chyle is bacteriostatic, and there is no case of 
infeeted chylothorax reported in the literature. 
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Eleven of the 13 cases were cured by aspiration alone. On the average, 
the final, curative thoracentesis was performed on the twenty-second postopera 
tive day (range third to forty-sixth postoperative day). On the basis of these 
data, we cannot agree with the consensus that recommends reoperation within 
hours or days of the discovery of the chylothorax. 

Operative treatment.—Two patients of the 13 failed to respond to aspira- 
tion therapy. The first of these was a 7-month-old infant (Case No. 12) who 
produced 1,000 ml. of chyle between the third and sixth postoperative days. 
Because of the large volume of chyle in such a small infant, and because this 
ease occurred early in our experience, the child was reoperated on the seventh 
postoperative day. The lacerated lymph duct was located and ligated. No 
further leakage occurred. 

The second patient was a 7-year-old boy who had had an anterior tho- 
racotomy for isolated valvular pulmonic stenosis. He produced 5,395 ml. of 
chyle in eleven thoracenteses between the sixteenth and forty-ninth postopera- 
tive days (Case No. 13). He was discharged to the care of his family physi- 
cian, and was lost to follow-up for one year during which time 38 thoracenteses 
were performed. The patient had been underweight and poorly developed 
all of his life, but gained 3 pounds during this interval. He was readmitted to 
the hospital where examination showed chylothorax and a total serum protein 
of 7.3 Gm. per cent. A left posterolateral thoracotomy was performed. No 
source of chylous drainage could be identified, so the main thoracic duct was 
ligated just above the diaphragm. Sterile tale was blown over the pleural 
surfaces to produce pleural symphysis. The postoperative course was satis- 
factory and no reaccumulation of chyle occurred. Persistence with aspiration 
therapy in this case was excessively prolonged, and resulted only from the 
faet that the patient was lost to follow-up. 

On the basis of our present knowledge, both of these cases would be given 
a trial of closed catheter drainage before resorting to thoracotomy. 


DISCUSSION 


The success achieved in the nonoperative treatment of these cases may be 
due, in part, to the selected nature of their etiology. In all cases the injury 
presumably occurred in the upper third of the thoracic lymphatic system. It 
is likely that operations in the right superior mediastinum injured collateral 
and accessory trunks rather than the main left thoracic duct. On the other 
hand, those eases in which the aortie arch was skeletonized and retroesophag- 
eal vessels dissected very likely sustained injury to the main thoracic duct. 

Recent reports advocating surgical ligation of the thoracic duct recom- 
mend that operation be preceded by a trial of thoracentesis or closed catheter 
drainage although reoperation within hours of the time that the diagnosis is 
made has been done.* Most authorities suggest conservative measures for a 
period of 1 to 2 weeks. If conservative treatment had been limited to 2 weeks 
in this series, 8 of the 13 cases would have required reoperation. Failure of 
the volume of chyle to decrease progressively with each thoracentesis has 
generally been considered as an indication for surgical intervention. On the 
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basis of this criterion, 11 of the 13 eases in this series would have required 
operation. It is apparent, therefore, that perseverance with conservative 
measures is required over a period of at least three to four weeks. 

It is interesting that only ten years have passed since Florer and Ochsner‘ 
stated that the mortality from the nonoperative treatment of this syndrome 
was 50 per cent and that the operative mortality was 100 per cent. Many other 
surgeons reported their belief that surgical ligation of the thoracic duct is a 
dangerous and technically impossible feat. Loe,’ Lampson,’ Baldridge and 
Lewis,'! and many others have performed a valuable service in demonstrating 
that it is a feasible, safe, and effective procedure for the treatment of chylo- 
thorax. We ourselves would not hesitate to employ the operative approach 
in any case which did not respond to an adequate trial of repeated thoracenteses 
or closed catheter drainage. 

SUMMARY 


The occurrence of chylothorax as a postoperative complication is becom- 
ing an increasingly important problem in thoracic surgical practice. During 
the past ten years, there has been a progressive decrease in the previous mor- 
tality of 50 per cent. The trend toward the early surgical treatment of chylo- 
thorax by ligation of the thoracic duct is now well established. The purpose 
of the present discussion is to temper the current enthusiasm for early opera- 
tive intervention. Thirteen cases of chylothorax were treated without morbid- 
ity or mortality. Eleven of these responded to the simple expedient of mul- 
tiple thoracenteses. Two cases were reoperated upon. On the basis of our 
present knowledge, the two cases treated surgically would have been given a 
trial of closed catheter drainage before resort to operation. This clinical ex- 
perience is interpreted as indicating that persistence with nonoperative treat- 
ment by thoracenteses or closed catheter drainage will be rewarded with a 
high degree of suecess. 
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DISCUSSION 


DR. WILLIAM W. L. GLENN (New Haven, Conn.).—For some time we have been 
interested in chylothorax and some years ago performed some experiments on thoracic duct 
fistulas in dogs. We were particularly impressed by the enormous loss of protein through 
the fistulas, and we believed it to be of greater importance than the loss of fluid or the 
loss of fat. We think that perhaps one should be guarded, whether a patient with a 
thoracic duct fistula is treated by surgical ligation of the duct or by conservative measures, 
as to the extent of the loss of protein. If this is becoming a matter of concern with a fall 
in the plasma protein, then perhaps one should not procrastinate too long with conservative 
In 1951 we had one patient 6 months of age who postoperatively developed a 
4 


treatment. 
persistent chylothorax despite repeated aspiration and closed catheter drainage over 


ten-day period. Ligation of the thoracic duct just above the diaphragm finally became 


necessary because we were unable to replace the loss of protein in the thoracic duct lymph, 





EXPERIMENTAL AND CLINICAL OBSERVATIONS ON THE EFFECTS 
OF RENAL ISCHEMIA 
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M.D., AND JoHN H. Moyer, M.D., Houston, TEx. 
(From the Cora and Webb Mading Department of Surgery and the Department of Pharma- 


cology, Baylor University College of Medicine, and the Methodist and Veterans Administration 
Hospitals) 


F  ypeher ei most abdominal aortic aneurysms arise below the renal arteries 
and present no serious problem in removal, they occasionally extend up- 
ward to include the renal arteries. More often, syphilitic aneurysms involve 
the lower thoracic and upper abdominal aorta and the major visceral branches 
arising from it. The fear of producing fatal ischemic changes in the kidneys 
has been the principal deterrent to resection of these aneurysms. This fear 
derives from the lack of precise information regarding the length of time renal 
blood flow can be interrupted safely in man. Estimates of the safe period of 
renal artery occlusion vary from thirty minutes" to six hours.’ Bahnson* has 
reported one patient who died in uremia four days after resection of an 
aneurysm requiring occlusion of the aorta above the renal arteries for one 
hundred and ten minutes. Another of his patients survived thirty-seven minutes 
of ocelusion of both renal arteries. In performing segmental resection of the 
kidneys for tuberculosis, Semb’® has reported occluding the renal pedicle for 
ninety minutes without evidence of renal damage. Recently, Ellis and asso- 
ciates® reported the successful resection of an aneurysm of the lower abdominal 
aorta that involved the renal artery to an ectopic right kidney. The right 
renal artery and aorta were occluded for ninety-five minutes with recovery 
of funetion within two weeks as demonstrated by excretory pyelography. In 
resection of aneurysms of the thoracic or upper abdominal aorta requiring 
occlusion of the thoracic aorta for periods up to one hour we have observed 
no significant reduction in renal function.* 

In contrast to the scanty and somewhat inconsistent clinical data, the 
effect of ischemia on the kidneys of experimental animals has been studied 
extensively. In uninephrectomized rats periods of renal artery occlusion up to 
two hours are well tolerated although more than 50 per cent of the animals 
sueceumb when occlusion is extended beyond three hours.’® ?° On the other 
hand, in uninephrectomized rabbits renal ischemia of one hundred twenty 
minutes is uniformly fatal. In the dog longer periods of renal artery occlusion 
may be tolerated.® * 1+ 75 Thus after unilateral nephrectomy and explantation 
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of the remaining kidney in dogs, Friedman, Johnson and Friedman’ occluded 
the renal artery for two hours and demonstrated that renal function, although 
depressed to negligible levels during the first twenty-four hours, gradually re- 
covered over a period of two weeks. 

This report concerns a study of the effects of renal ischemia experimentally 
produced in the dog, and in four clinical cases of thoracoabdominal aortic 
aneurysm treated by resection and homograft replacement. 


EXPERIMENTAL STUDIES 


The observation that renal damage does not oceur in humans who have had 
surgical procedures requiring occlusion of the thoracic aorta for periods up to 
one hour suggests that sufficient renal blood flow oceurs by way of collateral 
vessels to protect against renal anoxie injury. This study was undertaken to 
determine the validity of this concept. The results have been reported in de- 
tail elsewhere.» ?? 

Mongrel dogs were utilized for the experiments. Control determinations 
of renal funetion for both kidneys were made by techniques previously 
deseribed."* 

Under intravenous pentobarbital anesthesia the aorta and the renal 
arteries were exposed through a retroperitoneal approach. In the first group 
of animals the aorta was occluded above both renal arteries. In the second 
group the left renal artery alone was occluded while in the third group occlu- 
sion of the aorta and one renal artery was performed. In each instance the 
period of occlusion was two hours. Three to five days after operation renal 
funetion studies were performed on each kidney separately in order to 
determine the degree of change. Upon completion of the experiments the 
animals were sacrificed and the kidneys examined for gross and microscopic 
changes. 

It was found that no renal functional impairment followed two hours 
of aortic occlusion above the renal arteries (Fig. 1). Collateral blood flow 
around the occluding clamp produced a pressure in the distal aorta averaging 
25 mm. Hg. This subfiltration arterial pressure was apparently sufficient to 
prevent anoxie injury to the kidneys. In the second group, unilateral renal 
artery occlusion for two hours resulted in a reduction of glomerular filtration 
rate to 55 per cent and renal blood flow to 50 per cent of control levels on the 
oecluded side (Fig. 2). Renal function in the contralateral kidney was not 
affected. In contrast, however, when renal artery occlusion was combined 
with aortic occlusion (Group 3) there was a severe depression in both glomeru- 
lar filtration rate (to 8 per cent of control) and renal blood flow (to 7 per cent 
of control) on the side on which the renal artery was occluded (Fig. 3). The 
unoceluded kidney, which was apparently protected by the subfiltration 
arterial pressure distal to the aortic clamp, not only was not functionally de- 
pressed, but sometimes showed a compensatory increase in function (Fig. 4). 
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Fig. 1.—Glomerular filtration rate and renal blood flow three days after aortic occlusion for 
two hours. 
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Fig. 2.—Differential renal function studies three days after two hours of occlusion of the left 
renal artery. 
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From these experiments it is apparent that in the dog the degree of pro- 
tection from ischemic functional damage induced by various occlusive arterial] 
procedures is proportional to the amount of collateral blood flow to the kidney 
during the period of occlusion (Fig. 4). 
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Fig. 3.—Differential renal function studies three days after two hours of combined aortic and 
renal artery occlusion. 
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Fig. 4.—Comparison of the ischemic effects of three types of arterial occlusion. 


CLINICAL STUDIES 


Recently, four patients with thoracoabdominal aortic aneurysms were 
treated by resection of the aneurysm and homograft replacement, In the 
first two cases the aneurysm involved the celiac, superior mesenteric, and 
both renal arteries, whereas in the last two cases, the celiac, superior mesenteric 
and only one of the renal arteries were involved. In each instance, after vary- 
ing periods of occlusion, the involved major visceral branches of the aorta 
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were implanted into the homograft. Technical details of the operative pro- 
cedures employed in these cases are presented elsewhere.’ Studies of kidney 
function were made before and at appropriate intervals after operation in an 
attempt to determine the effect on renal function of the periods of ischemia 
imposed by the techniques employed. In each instance renal function prior to 
operation was normal on the basis of the blood urea nitrogen, urinary output, 
urea clearance, and discrete renal function tests consisting of renal blood flow, 
renal plasma flow and glomerular filtration rate. 

In the first case, resection of the aneurysm was performed under general 
body hypothermia, and the period of occlusion of the aorta, superior mesenteric 
and renal arteries was one hour and forty-five minutes and of the celiac 
artery, two hours (Fig. 5). Because of this prolonged period of occlusion and 
the severe reduction in renal function resulting from the ischemia, subsequent 
cases were performed using a temporary by-pass shunt. By this procedure 
the periods of occlusion for left and right renal arteries in cases two, three 
and four were significantly reduced (Fig. 5). 
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; Fig. 5.—Extent of aortic resection and periods of occlusion of the aorta and its major 
visceral branches in four cases of thoracoabdominal aneurysm. In Cases 2, 3, and 4 a tem- 


porary by-pass shunt (shaded) was employed. 


In Case 1, the renal response to ischemia consisted of severe oliguria and an eleva- 
tion of the blood urea nitrogen (Fig. 6). On the first two days the urinary volume was 
less than 200 e.c. while the blood urea nitrogen rose to 59 mg. per 100 ml, By the fourth 
postoperative day urinary volume had increased in 1,183 ml. and the blood urea nitrogen 
to 90 mg. per 100 ml. At this time, in spite of an increase in urinary volume, renal blood 
flow was only 22 ml. per minute, renal plasma flow 12 ml. per minute and the glomerular 
filtration rate 4 ml. per minute. Thereafter, urinary volume began to decline and the 
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blood urea nitrogen increased until the seventh day when the patient became anuric and 
died. At necropsy all anastomoses were patent. The kidneys were pale and on cut 
surfaces there were swelling of the cortical portion and evidence of severe renal damage. 
Microscopically there was hyalinization of glomeruli and necrosis of tubules. 

The left and right renal arteries in Case 2 were occluded for twenty-three and 
twenty-seven minutes, respectively, although the proximal aorta was occluded more than 
two hours. The initial response was somewhat similar to that in Case 1 and consisted of 
oliguria and a rise in the blood urea nitrogen (Fig. 7). Renal function studies on the 
first day after operation revealed a renal blood flow of 29 ml. per minute, renal plasma 
flow of 16 ml. per minute, and a glomerular filtration rate of 1 ml. per minute. During 
the next five days there was a continued rise in the blood urea nitrogen and an increase 
Subsequently, however, the blood urea nitrogen declined and 


in the urinary volume. 
By the twenty-third postoperative 


reached normal levels by the end of the second week. 
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Fig. 6.—Data relating to renal function in Case 1. 


1.013 


day renal blood flow had increased to 644 ml. per minute, renal plasma flow to 389 ml. 
per minute, and the glomerular filtration rate to 69 ml. per minute. Four months after 
limits. Although renal function was 


operation these studies were also within normal 
the 


severely depressed immediately after operation, the temporary by-pass shortened 
period of renal artery occlusion necessary for resection and homograft replacement and 
thus prevented irreversible renal damage. 

A temporary by-pass shunt was employed also in Case 
aneurysm. With this technique the right renal artery was occluded for fifteen minutes 
the left renal artery for forty-three minutes although proximal aortic occlusion was for 
The immediate response to these periods of renal 
On the first 


3 during resection of the 
and 


two hours and nine minutes (Fig. 5). 
ischemia was similar to that observed in the two previous cases (Fig. 8). 
postoperative day the total urinary volume was 203 ¢.c. and the blood urea nitrogen 


At this time the renal blood flow was 212 ml. per minute, renal plasma 
Subsequently 


35 


mg. per 100 e.e. 
flow 121 ml. per minute and the glomerular filtration rate 19 ml. per minute. 
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Fig. 7.—Data relating to renal function in 
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Renal Blood Flow ml/min 396 
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Blood Pressure mm jg 90/28 [40/0 188/86 194/0d 
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Fig. 8.—Data relating to renal function in Case 38. 
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there was a progressive increase in urinary volume, the maximum of 5,940 ml. being 
reached on the tenth day. The specific gravity of the urine during this time ranged from 
1,010 to 1,013. The blood urea nitrogen reached a high of 100 mg. per 100 ml. on the 
fifth day and rapidly declined thereafter, to approach control levels by the eleventh day 
At the end of the first week renal function studies showed a definite improvement over 
day and by the twenty-second day, renal blood flow, renal 
returned to control levels. Here, too, 
by-pass shunt although 


those performed on the first 
plasma flow and glomerular filtration rate had 
irreversible renal damage was prevented by the use of a temporary 
the time for homograft replacement was longer than in the first case 

A temporary by-pass shunt was also employed in Case 4 (Fig. 
occluded for forty-six minutes, but it was not 


5). In this instance, 





the right renal artery was necessary to 
oeclude the left renal artery during resection of the aneurysm and implantation of the 
homograft. Proximal aortic occlusion in this case was for two hours and nineteen 


The initial renal response in this patient was similar to that noted in the othe 


minutes. 
had not been interrupted. Thus the urinary 


three although blood flow to one kidney 
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Fig. 9.—Data relating to renal function in Case 4. 


volume for the first postoperative day was 199 ¢.c. and the blood urea nitrogen 53 mg. pet 
100 ml. Subsequently there was a progressive increase in the daily urinary volume to 
2,020 ml. on the eighth postoperative day. Blood urea nitrogen increased to 
100 ml. on the eighth day and then began to decline and by the eleventh day it had 
dropped to about 90 mg. per 100 ml. Massive gastrointestinal hemorrhage occurred from 
a marginal ulcer the following day and on the fourteenth day the patient expired. The 
terminal rise in blood urea nitrogen was probably related to an accumulation of blood in 
the gastrointestinal tract rather than to renal failure, 


136 mg. per 


DISCUSSION 


The two different operative techniques employed in these cases provide 


i basis for comparison of renal function following operation. 
celiac, superior mesenteric, and renal 


In Case 1, 


‘ 
< 


occlusion of the aorta, arteries was 





co hg EFFECTS OF RENAL ISCHEMIA 137 
accomplished simultaneously and no attempt was made to maintain blood 
flow through collateral vessels or to one kidney during resection and im- 
plantation of the opposite renal artery. With this method, insertion of the 
homograft was completed (with exception of the celiac artery) before blood 
flow was restored through any of its branches. This technique may be compared 
to that employed in Group 3 of the animal experiments in which the aorta 
and renal artery were occluded simultaneously, thus interrupting primary and 
secondary arterial pathways to the kidney. In contrast, the procedure 
utilized in Cases 2, 3, and 4 consisted of insertion of a temporary by-pass 
shunt around the aneurysm for maintenance of blood flow through collateral 
channels during resection. I'urthermore, it permitted blood flow to continue 
to one renal artery during resection and implantation of the other, and re- 
sumption of blood flow to a kidney as soon as its artery was implanted into 
the homograft. This technique is analogous to that employed in Group 2 of 
the animal experiments in which the renal artery alone was occluded, leaving 
collateral flow unimpaired. Thus, in Case 1, the aorta and renal arteries were 
occluded for one hour and forty-five minutes, whereas in Cases 2, 3, and 4, in 
spite of proximal aortic occlusion in excess of two hours, the periods of ocelu- 
sion for left and right renal arteries were only twenty-three and twenty-seven, 
forty-three and fifteen, and 0 and forty-six minutes, respectively (Fig. 5). 

Varying in degree and duration, the renal ischemia produced in these 
cases might be expected to have a variable effect on renal function. The 
initial response, however, representing the first five to six days after operation, 
was similar in each case. This pattern consisted of an immediate, severe re- 
duction in urinary volume and an elevation of the blood urea nitrogen. Dis- 
erete studies of kidney function on the first postoperative day (Case 2) re- 
vealed a depression of renal blood flow and glomerular filtration rate to 
negligible levels although renal ischemia to neither kidney exceeded twenty- 
seven minutes. In succeeding days there was a progressive increase in the 
excretion of low specific gravity urine and an increase in the blood urea nitro- 
gen. At about the fifth day there was a striking difference in the response 
noted in Case 1 and in the remaining three cases. In the former instance, 
urinary output began to decline, the blood urea nitrogen level continued to 
rise, and renal blood flow and glomerular filtration rate were reduced. Death 
from renal failure occurred on the seventh day. In contrast, a return of 
kidney function to normal was observed to begin about the fifth postoperative 
day in Cases 2, 3, and 4. Thus at the end of the first week renal blood flow 
and glomerular filtration rate were about 75 per cent of control levels (Case 
3) and had returned to normal by the end of the third week (Cases 2 and 3). 
This pattern of recovery was also evident in Case 4 when fatal gastrointestinal 
hemorrhage occurred at the end of the second week. 

It is immediately apparent from these data that fatal renal failure 
occurred only in the case in which renal ischemia was most prolonged and in 
which no attempt was made to maintain collateral renal blood flow. It is 
questionable whether the failure of renal function was due to prolonged aortic 
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and renal artery occlusion alone or in combination with a reduced collateral 
flow. On the basis of our experimental studies, it appears that the failure 
to maintain blood flow distal to the sites of occlusion was a significant con- 
tributing factor. However, in view of the anatomic differences in blood supply 
to the kidney in man and in the dog, and the limited observations possible in 
these eases, only tentative conclusions can be drawn. 

Irrespective of the significance of renal collateral flow in the human, the 
use of a temporary by-pass shunt reduces the period of renal artery occlusion 
necessary for resection and homograft replacement of aneurysms involving 
these vessels. Thus, in Case 2, in spite of the large size of the aneurysm, with 
its involvement of both renal arteries and occlusion of the proximal aorta for 
two hours and fifteen minutes, the duration of renal ischemia did not exceed 
thirty minutes, a period generally considered to be safe.‘’ Although these 
clinical observations do not establish the maximum safe period of renal artery 
occlusion, they demonstrate that with utilization of a temporary by-pass 
shunt, resection of aneurysms involving the renal arteries may be accomplished 
without producing irreparable impairment of kidney function. 


SUMMARY 


The fear of producing fatal renal damage has been the principal deterrent 
to resection of aneurysms of the aorta involving the renal arteries. In spite of 
extensive animal experiments, the maximum safe period of renal ischemia has 
not been established in man. 

The observation that patients tolerate occlusion of the thoracic aorta for 
periods up to one hour without developing renal damage suggests that col- 
lateral renal blood flow may be a significant factor. Experiments in the dog 
tend to confirm this observation. Occlusion of the aorta above the renal 
arteries or of the renal artery alone for a period of two hours was well 
tolerated, whereas occlusion of both aorta and renal arteries for the same 
period resulted in irreversible renal damage. 

Four eases of thoracoabdominal aortic aneurysm were treated by resection 
and homograft replacement. In each instance one or both renal arteries were 
occluded for varying periods of time. In the first case no attempt was made 
to maintain blood flow through collateral channels and to the kidneys during 
reseciion of the aneurysm. Fatal renal failure occurred. In subsequent cases 
a temporary by-pass shunt was employed and although reduction in renal 
funetion occurred immediately after operation, return to normal was noted 
in two weeks. 
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STUDIES ON KIDNEY REVASCULARIZATION: RENAL FUNCTION 
FOLLOWING REVASCULARIZATION AND BILATERAL 
RENAL ARTERY TRANSECTION 


YALE J. Katz, M.D., Pu.D., DONALD W. TLANNON, M.D., AND 
Ivan D. Baronorsky, M.D., PH.D., MINNEAPOLIS, MINN. 


(From the Department of Medicine, University of Southern California, Ancker Hospital 
Surgical Research Laboratory, and the Department of Surgery, University of Minnesota) 


HILE working with his preparations of hypertensive animals, Goldblatt* 

occasionally noted that the blood pressure fell following the growth of 
vessels into the kidney from the surrounding tissues. Removal of these vessels 
was followed promptly by a rise in blood pressure. 

The demonstration by Baronofsky, Sprotky, and Noble’ that a segment of 
intestine will serve as a donor tissue of blood vessels for the revascularization 
of the heart prompted a similar study by Katz, Hannon, Alden, and Baronofsky* 
on the revasecularization of the kidney in hopes that deliberate controlled re- 
vascularization of the kidney would lead to amelioration of hypertension and 
associated renal insufficiency. 


The present studies deal with the effects of transection of the renal arteries 
in a group of dogs whose kidneys previously had been revaseularized. It was 
undertaken because it was felt such a study would provide the most exacting 
test of the efficacy of the revascularization procedure. The ultimate aim in any 
such study, of course, is application in human disease. 


MATERIALS AND METHODS 


Mongrel dogs weighing between 20 and 30 pounds were used, The animals were anes 
thetized with intravenous Nembutal and a midline abdominal incision was made. Both renal 
arteries were partially occluded with 3 mm, Goldblatt artery clamps. After an average of 
tive weeks (the shortest period was two and one-half weeks and the longest period twelve 
weeks) the animals were reoperated upon and a segment of gut fixed to the partially decap 
sulated kidney, first stripping the serosa from the intestinal segment and lightly scarifying the 
kidney. The method in detail has been described previously. A limb of small bowel pre 
pared by the Roux-Y procedure was used except when duodenum was used (Dogs II and IIT), 
in which case the duodenum was applied to the kidney without interrupting its continuity. 
As a rule each kidney was revascularized at one operation with a three-week interval between 
operations. After an average of fifteen weeks following the second revascularization the 
renal arteries were occluded by tightening the artery clamps. Three weeks later the arteries 
were transected and small silver clips were placed on the two ends of the cut vessels (Fig. 2). 
Where vessels between the perirenal tissue and the kidney were found these also were tran 
sected. 

Supported by grants from the Los Angeles County Heart Association, National Heart 
— of the National Institutes of Public Health, and the Life Insurance Medical Research 
ose Read at the Meeting of the Society of University Surgeons, Indianapolis, Ind., Feb. 9-11, 
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Aortograms to demonstrate occlusion and transection of the renal arteries were made 
by threading a ureteral catheter up the femoral artery to a point in the aorta a small dis- 
tance above the renal artery take-off point. Eight cubic centimeters of Urokon sodium were 
injected rapidly into the catheter. A tripping mechanism which was attached to the syringe 
actuated an electronic relay when the injection was completed and caused a single instantaneous 
roentgenogram to be taken. 

Blood pressure determinations were made by direct femoral artery puncture in the 
trained unanesthetized animal by the method described by Goldblatt and associates.? Meas- 
urements were made approximately twice weekly before renal revascularization and at weekly 


or semimonthly intervals after revascularization. 


Fig. 1. Fig. 2. 


Fig. 1.—Aortogram of Dog IV showing one renal artery totally occluded by Goldblatt 
clamp, the other partially occluded. Eight cubic centimeters. Urokon had been injected in 
catheter inserted into femoral artery. The catheter can be seen in the lower center just 
lateral to the vertebral column. 

Fig. 2.—Aortogram of Dog III following renal artery transection. Silver clips which 
aoe — placed on ends of cut vessels may be seen. Technique identical to that seen in 
rag, 1. 


Renal clearance studies, including para-aminohippuric acid clearance for renal blood 
flow determinations and creatinine clearance for glomerular filtration rate, were made by the 
method of Homer Smith. 

Plasma rather than blood was used for the urea nitrogen determinations. This per- 
mitted storing the samples in the frozen state. The values for plasma urea nitrogen aver- 
aged 4 mg. per cent higher than blood urea nitrogen. 
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RESULTS 

The renal arteries in 6 dogs were transected following a period of occlusion. 
Fig. 1 is an aortogram of Dog IV showing one artery totally occluded by a Gold- 
blatt clamp, the other artery partially occluded. Fig. 2 is an aortogram of 
Dog III following renal artery transection. Silver clips, which had been placed 
on the two ends of the renal arteries, as well as on the cut ends cf accessory ves- 

se!s that had grown into the kidney from the perirenal tissue, may be noted. 
A seventh dog was subjected to renal artery occlusion but not artery tran- 
section. All animals tolerated the procedure well, showing some rise in plasma 
urea nitrogen levels which gradually fell to near preocclusion levels. Table | 

summarizes this data. 
TABLE I, ANIMAL SURVIVAL AND PLASMA UREA NITROGEN AFTER RENAL 


ARTERY TRANSECTION 








PLASMA UREA NITROGEN 
BEFORE TRAN- 
SECTION AFTER TRANSECTION 

DOG ( AVERAGE ) ( MAXIMUM BE AVERAGE ) SURVIVAL 

I 13 29 22 Sacrificed after two and one-half months 
II 19 27 21 Seven montlis, still living 
IIt 18 3: 18 Twelve months, still living 
IV 21 13 Kight months, still living 

V 14 2% 16 Seven and one-half months, still living 
VI 12 27 23 Six months, dead 














Average 16.7 28.§ 19.8 





TABLE II. EFFECT OF REVASCULARIZATION AND RENAL ARTERY TRANSECTION ON 
HYPERTENSIVE DOGS 


BLOOD PRESSURE* 
BEFORE AFTER AFTER REVAS AFTER 
DOG CONSTRICTION CONSTRICTION CULARIZATION TRANSECTION 
I 130 170 151 167 
II 128 162 151 158 
Lil 123 170 13-4 154 
IV 144 196 165 161 
Vt 136 193 205 187 
VI 127 152 136 140 














af 





*Averages of mean arterial blood pressure in millimeters of mercury. 
7Kidneys not scarified before application of gut. 


Dog I was sacrificed two and one-half months after renal artery transection. 
No aecessory renal arteries were noted. 

Dog VI died six months after renal artery transection of peritonitis follow- 
ing a serotal infection and epididymitis. A large accessory renal artery was 
found to extend from the lower portion of the aorta, one centimeter above the 
iliac bifureation to the lower pole of the right kidney. This kidney was con- 
siderably larger than the opposite kidney which did not have an accessory renal 


artery. 

Dog II was explored six and one-half months after renal artery transection. 
A small accessory renal artery was found to enter the inferior pole of the left 
kidney. It was transected without impairment of the animal’s renal function. 
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Table 11 summarizes the blood pressure averages in these dogs. The aver- 
age mean arterial blood pressure of the group before renal artery constriction 
was 131 mm. Hg and after renal artery constiction was 174 mm. Hg. All 6 
dogs underwent renal revascularization, but in one, Dog V, the kidneys were 
not searified. Its average pressure rose following revascularization while all 
others fell. The average for the entire group of 6 after revascularization was 
157 mm. Hg. After renal artery transection the group average pressure was 
161 mm. He. 

Because of the small number of animals in the series and because of the 
short period of hypertension before renal revascularization these blood pressure 
studies can be considered little more than preliminary, and at best suggestive. 

Table III summarizes studies on glomerular and tubular function before 
and after interruption of the renal blood supply. 


TABLE III. EFrrect OF INTERRUPTION OF RENAL ARTERY ON RENAL HEMODYNAMICS IN 
REVASCULARIZED KIDNEYS 





BEFORE TRANSECTION | AFTER TRANSECTION 
GLOMERULAR GLOMERULAR 

RENAL BLOOD] FILTRATION | FILTRATION | RENAL BLOOD| FILTRATION | FILTRATION 

FLOW RATE FRACTION FLOW RATE FRACTION 

DOG (C.C./MIN.) (C.C./MIN.) | (PER CENT)| (C.C./MIN.) (C.C./MIN.) | (PER CENT) 
I 200 45 174 43 38 
Vv 280 56 : 299 57 37 
VI 227 54 171 41 42 
VII* 243 49 122 25 32 


*Renal arteries totally occiuded but not transected. 














DISCUSSION 


A stern test of any revascularization procedure is to throw the entire load 
of the organ on the new blood supply. The group of animals in this study 
whose kidneys had been revascularized using intestinal segments survived with 
only minimal impairment of renal function and a small average increase in 
blood pressure following renal artery transection. This is in contrast to Gold- 
blatt’s experience with animals that had developed an accessory renal blood 
supply. In these animals he went on to occlude totally the arteries by gradual 
tightening of the artery clamps. Severe hypertension and frequently marked 
renal insufficiency ensued. 

Two previous experiments might also be referred to at this point. Animals 
with adequate renal revascularization will excrete indigo carmine after acute 
constriction of the renal arteries.2° If in addition, however, the superior 
mesenteric artery is constricted, urine flow and, of course, indigo ecarmine ex- 
cretion cease, only to be resumed with the release of the nutrient vessel of the 
intestinal segment. An animal whose kidney had been inadequately revaseu- 
larized using colon instead of gut failed to excrete indigo carmine after renal 
artery ocelusion.® It is certain, therefore, that for a time at least after renal 
artery transection the kidney’s main blood supply is from the segment of in- 
testine in this group of animals. 
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These studies, as well as previous studies, * > demonstrate that the segment 
of intestine will supply blood to the kidney in amounts and of sufficient pressure 
to permit it to perform its exeretory tasks. 

Whether the poorly vaseularized kidney of arteriolar renal disease will at 
all benefit from an additional blood supply brought to it from the periphery 
will, of course, depend upon the point at which this new blood supply joins the 
arterial tree. If it should reach the nephron proximal to the point of arteriolar 
attenuation it is reasonable to expect improvement in renal function, and per- 
haps blood pressure, in proportion to the number of nephrons so benefited. 

The question may also be raised as to whether augmentation of renal blood 
supply might not improve the work performance of residual nephrons in glom- 
erulonephritis and pyelonephritis. Regeneration of nephrons by the vasculari- 
zation process is, of course, beyond reason, but augmentation of function of re- 
maining nephrons by some additional blood supply may well be possible. It 
has previously been suggested that this procedure may be ancillary to endo- 
arterectomy for renal artery thrombosis.‘ 


SUMMARY 


1. Six dogs survived renal artery transection following renal revaseulariza- 
tion, using intestinal segments as blood vessel donors. 


2. Some impairment of renal function followed the procedure but the im- 
pairment became minimal in time. 

3. Despite transection of the renal arteries, given sufficient time the ani- 
mals may develop accessory renal arteries that supplement the blood supply to 
the kidney provided by the intestinal segment. 

4+. Some preliminary observations on the effect of revascularization of the 
kidney on experimental hypertension have been presented. 
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DISCUSSION 


DR. K, 8S. GRIMSON (Durham, N. C.).—Dr. Katz certainly deserves congratulations 
on his efforts. I know all of us are anxious that they succeed. There are two things 
which should be discussed concerning the problem of the circulation of the dog’s kidney. 
It is true, as he has said, that you can occlude the kidney by Goldblatt clamps in two or more 
stages and then completely close the renal arteries. The kidneys will then survive entirel) 
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on their own collateral circulation and through accessory arteries. Therefore he was wise 
to again operate and to divide some of these accessory renal arteries in some of his dogs. 
Division of the gradually occluded renal arteries in his dogs is not as good a test of jejunal 
transplant blood supply as it would otherwise seem. The preservation of the kidney in 
its site could be more by blood from collaterals rather than by that assumed to flow 
through new vessels from the jejunal graft. In his studies with the kidney in its normal 
retroperitoneal bed the collaterals were given a sufficient time in which to develop and 
take over circulation. 

The second thing that concerns me is the adhesion of the graft to the kidney. This 
also relates a little to the studies with asbestos in the pericardial sac by Dr. Siderys yes- 
terday. Several years ago we did some work with adhesions caused by various materials 
including several detergents. In the pericardial sac there was success in the first month; 
this was rather easily accomplished. However, as these anima!s were followed longer, the 
inflammatory granulations or vascular adhesions became a plate of scar tissue which was 
so avascular that it was really a barrier to circulation. In the production of renal hyper- 
tension for long-term experiments, collateral circulation has to be avoided. Today, for 
example, those making a. Goldblatt type of hypertension in dogs seldom use the renal 
artery clamps. Instead they use an inflammatory capsule about the kidney so that the 
hypertension caused by constriction of the kidney by scar tissue will be permanent and 
so that the inflammatory capsule developing into sear tissue will prevent development of 
collateral vessels, I would like to ask Dr. Katz how many months had passed in the oldest 
of the dogs with demonstrated vascular communications from the jejunum, for a scar 
tissue plate can occur in any wound and other collaterals could afford major support to 
the kidneys. 


DR. YALE J. KATZ.—One dog was sacrificed 129 days after revascularization of the 
kidney in an effort to determine how long vascularization persisted. I believe that was 
your last question, Dr. Grimson. Was it not? It was found that India ink was able to 
pass into the kidney across the renal-intestinal interface of 129 days’ duration. We have 
some dogs we have followed for as long as 500 days; until these animals are actually 
sacrificed and India ink and/or barium is injected into the nutrient vessel of the intestinal 
segment and followed into the kidney, we will not be able to say whether the vascular 
communication has remained patent. 


DR. DeECAMP (New Orleans, La.).—I think Dr. Katz has very properly indicated cau- 
tion in suggesting the application of this procedure to clinical diseases, because as one studies 
kidneys, for instance, where renal ischemia is secondary to inflammatory disease of the kid- 
ney, one is impressed with the extreme degree of parenchymal change that is present prior 
to the development of renal ischemia. Of course, also in the cases of arteriolar disease, it is 
a very diffuse and extensive process, and when we realize that in these cases there is pre- 
sumably a normal renal artery and normal avenues of approach to the kidney, one must be 
very cautious in hoping that this type of approach will be effective. There is, however, the 
smaller clinical group where actually the intrarenal vasculature is normal and there is an 
extrarenal arterial block. Because of the searcity of clinical material of this type, particu- 
larly with conservative surgical treatment, I would like to present one case. 

This is a 10-year-old girl with severe hypertension. (Slide.) This child is unique in 
that she had no right kidney; she had previously been explored on the right side and no kid- 
ney was found and you see no renal artery on aortography. On the left you see a narrow 
proximal renal artery with a distal dilatation. At operation this proved to be a stricture 
in the proximal renal artery with a poststenotic dilatation. (Slide.) An end-to-side 
splenorenal arterial anastomosis was performed. The next slide indicates the course of 
hypertension in this child. When it was first discovered last summer it was 280/180. 
On medical therapy it dropped to a range of 160-240/110-160. At operation the left renal 
artery, which was her only renal artery, was occluded for fifteen minutes. She had a 
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liter of clear urine the next morning and continued with excellent renal function through- 
out the postoperative course. Her blood pressure dropped rapidly and was below 130/90 
by discharge on the ninth day. The blood pressure has remained below this level for 
the two months since she was discharged. 


DR. E. J. WYLIE (San Francisco, Calif.)—We have been following with interest a 
clinical case of a patient who showed the capacity to develop revascularization and re 
function of a previously ischemic kidney. This was a 40-year-old woman who was seen 
primarily because of arteriosclerotic thrombosis of the aorta. At the time of aortography, 
marked stenosis of the left renal artery was discovered over possibly a one-half-centimeter 
segment. Renal function studies were performed. She was found to have 50 per cent de- 
pression of function of the left kidney on P.S.P. excretion. She had been known to 
have hypertension for a period of three months with systolic pressures varying from 160 
to 200. At the time of operation endarterectomy of the left renal artery was performed 
as well as aortic endarterectomy. Following this operation, which now would be three 
years ago, the patient developed return of normal renal function on the left side. Dur- 
ing the follow-up period the systolic pressure has never exceeded 110. There has been 
another similar case, I believe, reported in the surgical literature by Dr. Norman Freeman. 


DR. IVAN D. BARONOFSKY (Minneapolis, Minn.).—I am not going to close the 
discussion. I believe Dr. Katz is capable of doing that himself. I merely want to men 
tion a couple of things in regard to Dr. Grimson’s and Dr. DeCamp’s discussions. The 
first is this: I think, as Dr. Varco mentioned to me, that this is an entirely different situ- 
ation than Dr. Grimson mentioned. In the human and in the experimental animal, we are 
creating a demand situation. In the human the blood vessels are, of course, decreased, and 
we hope that the kidneys will take on blood from the intestine. Actually, the most im- 
portant part of the experiment that has been shown today is that blood vessels can go 
between the kidney and the intestines. 

In answer to Dr. DeCamp, I agree with him. I think we should take caution in 
applying this to human beings, and we have done so. As a matter of fact, that is why 
we have done only six cases. I say that because mere mention of this operation to the 
internist or, for that matter, mention of any operation to help chronic renal failure can 
be guaranteed to fill your offices with patients in a short period of time. The internists are 
unable to do much for this condition, and since these patients are all going downhill, 
they are willing to take any chance. But that is no reason for just going ahead, and 
we have been very cautious in the selection of our patients. Fortunately for us and for 
the group, some of these patients have improved to the point where at least much promise 
is indicated by the procedure. 

Thank you very much, 


DR. YALE J. KATZ (closing).—The paper of Drs. Creech, DeBakey, and Morris 
suggests an additional indication for renal revascularization. ‘That is, where the renal 
function is border line it would be well to consider revascularizing the kidney before go 
ing on to a procedure involving clamping of the renal artery for any period of time. 





THE ULCEROGENIC TUMOR OF THE PANCREAS 
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(From the Department of Surgery and Surgical Laboratories of the Ohio State University 
Health Center) 


NEW clinical entity consisting of a fulminating and frequently fatal peptic 

ulceration associated with a noninsulin-producing islet cell tumor of the 
pancreas was first suggested by Zollinger and Ellison.2!. The syndrome is 
characterized by excessive gastric secretion and rapidly progressive, atypically 
located ulceration recurring despite adequate medical or surgical therapy. 
The postulate that certain nonbeta cell tumors of the pancreas had uleerogenic 
potential was based on two instances of primary nonspecific jejunal ulcers. 
Recurrent ulceration followed local resection in one and closure of two jejunal 
perforations in the other. In the first patient, two subsequent resections in- 
cluding supradiaphragmatie vagotomy failed to control the acid factor. 
Eventually total gastrectomy for massive hemorrhage preceded the ultimate 
demise of the patient and an unsuspected islet cell tumor of the pancreas was 
demonstrated at autopsy. In the second patient an extensive subtotal gas- 
trectomy, fundusectomy, and subdiaphragmatiec vagotomy gave only tempo- 
rary relief. Intensive medical therapy and 2,000 r. irradiation of the remain- 
ing 6 by 8 em. gastric pouch failed to control the acid peptie secretion and 
recurrent marginal and esophageal ulceration occurred. Impending perfora- 
tion prompted total gastrectomy and the successful search for and removal of 
a similar nonfunctioning islet tumor. This patient recovered. 

Four additional examples of pancreatic islet cell tumors without clinical 
or laboratory evidence of insulin production reported in patients with gastric 
hypersecretion and peptic ulceration were also reviewed.” 71°17 Dragstedt,* 
Jenkins,'' and Moyer'® brought the total cases to 10 by describing 4 more 
such problems during the discussion of the initial paper. 

Nine additional patients with similar histories of recurrent peptie ulcera- 
tion, excessive gastric secretion and eventual demonstration of an islet cell 
tumor have been reported in the literature. A recent review of the clinical 
records and autopsy protocols on all patients admitted to the Ohio State Uni- 
versity Medical Center during the past ten years with the diagnosis of peptic 
ulceration and/or pancreatic tumor disclosed another 5 cases, bringing the 
total number to 24 (see Tables I and II). The ease histories of these 5 pa- 


tients follow.* 


This study was made possible in part by the Institution Grant from the American 
Cancer Society. 
_— Read at the meeting of the Society of University Surgeons, Indianapolis, Ind., Feb. 9-11, 
956. 
_ *The author is grateful to Jerome S. Abrams and Darrell J. Smith for their extensive 
review of the hospital records and autopsy files of some 1,500 patients found to have peptic 
ulcer at post-mortem examination. 
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CASE REPORTS 


Case 1.—F. Y., a 61-year-old white man, was admitted to the hospital following a 25 
pound weight loss resulting from partial pyloric obstruction. A 30-year history of epigastric 
discomfort and burning pain occurring at night and two to three hours after meals suggested 
chronie peptie ulceration. Although medical management had resulted in pain-free periods, 
recurrence of symptoms was the rule and more recently the pain had become intractable. 
A twelve-hour gastric aspiration produced a volume of 1,200 ml. Ewald gastric analysis: 
15 minutes, 4/8 clinical units; 30 minutes, 22/56; 45 minutes, 32/50; 90 minutes, 22/40; 120 
minutes, 14/44. Gastrointestinal roentgenograms demonstrated a marked deformity of the 
duodenum with partial obstruction. 

The diagnosis of peptic ulceration of the duodenum with pyloric obstruction was con 
firmed at operation at which time a subdiaphragmatie vagotomy, incidental splenectomy, and 
Prior to closure an irregular, nodular enlargement of the 


pyloroplasty were accomplished. 
hody and tail of the pancreas was noted. A biopsy was taken and a diagnosis of pancreatitis 


was made by frozen section. Permanent section showed ductal or islet carcinoma with low 


cuboidal cells arranged in irregular tubular structures with considerable fibrosis. Three weeks 
later a subtotal pancreatectomy (body and tail) was accomplished. The pancreatic tissue 
removed weighed 63.5 Gm. and measured 12 by 4 by 2 em. A tumor mass measuring 5 by 4 
by 2 em. was identified at the junction of the body and tail. Microscopie study of the 
tumor showed carcinoma composed of many irregular ductlike structures surrounded by dense 
fibrous tissue. The tail of the pancreas showed an increase in the interlobular connective 
tissue and intra-acinar fibrosis. The islet tissue and pancreatic ducts seemed to have under 
gone a complete neoplasia. In retrospect these findings represent adenomatous hyperplasia 
of the pancreatic islets with a malignant change having occurred in one islet near the june 
tion of the body and tail. The patient recovered from the operation, was discharged, and 
expired at home several months later. 

Case 2.—L. P., a 76-year-old white man, was admitted to the hospital with the chief 
complaint of severe abdominal pain of nearly two days’ duration. The patient dated the 
onset of his illness to some three months prior to hospitalization at which time he had de 
veloped some flulike symptoms from which he recovered slowly. 

The vague upper abdominal pain, nausea and vomiting, and constipation had been 
present for some ten days prior to onset of the severe generalized abdominal pain. Pertinent 
physical findings ineluded severe dehydration, evidence of peripheral vascular collapse, mod 
erate cyanosis, and marked rigidity of the abdomen. No masses could be palpated. Roent- 
genologie studies showed several loops of dilated small bowel in the left upper quadrant with 
some fluid levels. There was no evidence of free air. The red blood count was elevated by 
dehydration and there was a marked leukocytosis. With the working diagnosis of perforated 
uleer, Levin suction was instituted and the appropriate parenteral fluids were given. Al 
though the blood amylase was reported to be 250 units, the peritoneal amylase was found 
to be 2,070 units. This high value was considered to be much in excess of that commonly 
found in perforated ulcer, therefore the clinical diagnosis was changed to acute pancreatitis. 
The patient ran a steady downhill course and expired on his second hospital day. At autopsy 
a perforated duodenal ulcer was found one em. distal to the pylorus with a generalized peri- 
tonitis. The gastrie mucosa was hyperemic. The yellow-brown pancreas weighed 110 grams, 
was firm in consistency, and showed the usual lobulations. The distal four em. of the tail of 
the pancreas contained a firm dense gray-pink mass which proved to be an islet-cell carcinoma. 
The surface of the liver showed multiple, one to three em., pale pink umbilicated nodules 
identical in microscopic appearance to the tumor found in the tail of the pancreas. The 
fasting blood sugar taken at the time of admission was reported to be 87 mg. per cent. 
There was no past history suggestive of hypoglycemic attacks. 

CasSE 3.—C. H., a 57-year-old white woman, presented herself with the chief complaint 
of burning epigastric pain of some ten years’ duration. Milk and alkalies had failed after 
three years and a gastroenterostomy had been done with good relief for six months. Symp 


toms persisted and gradually became worse. 
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An exacerbation occurring over the preceding two-month period had been associated 
with oceasional vomiting, rare hematemesis, and a 30-pound weight loss. The patient had 
heen diabetic for eight years. 

The 2,150 ¢.c. of gastric secretion collected during a twelve-hour period showed 60 
clinical units or 129 meq. of free HCl. The 30-minute specimen during a histamine gastric 
analysis contained 110 clinical units of free HCl. An upper gastrointestinal study showed 
prominent gastric rugae, hypermotility, a functioning gastroenterostomy with a questionable 


stomal uleer, and two ulcerations of the duodenum. 

Peptic ulceration of the duodenum with partial obstruction was confirmed at operation. 
Having completed a subdiaphragmatie vagotomy, division of the left gastrie artery was con- 
sidered advisable as an adjunct method of controlling acidity and possibly preventing further 
hemorrhage. During the procedure a hard nodule was palpated in the body of the pancreas. 
Frozen section biopsy was inconclusive in differentiating chronic pancreatitis from malig- 


nancy; therefore nothing further was done. 


7 
ee O 
7 YEARS POST 2WEEKS POST 2 WEEKS POST 


GASTROENTEROSTOMY VAGOTOMY PARTIAL 
PANGREATECTOMY 


Fig. 1.—Diagrammatic representation of the effect of vagotomy and partial pancrea- 
tectomy with removal of an ulcerogenic tumor on total HCl in twelve-hour secretion. The 
marked fall following resection of the tumor gives added support to the concept that the 
tumors in question secrete a substance capable of stimulating gastric secretion. 








The twelve-hour secretion decreased to 55.8 meq. free HCl after vagotomy. Permanent 
sections of the pancreatic biopsy were interpreted as adenocarcinoma, and three weeks later 
the patient underwent resection of the body and tail of the pancreas, splenectomy, and 
jejunostomy with recovery. Twelve-hour secretions postpancreatectomy showed no free HCl 
(Fig. 1). 

Convalescence was unremarkable and the patient remained symptom-free for six months, 
then epigastric and back pain recurred. The diabetes persisted. Constipation alternated 
with diarrhea. ‘The maximum postoperative weight of 151 pounds gradually declined to 121 
pounds four years later. 

Physicians caring for the patient were unable to explain her long-term survival in the 
face of probable recurrent pancreatic carcinoma. Narcotics were required during the four 
months before her death. Several unexlpained falls at home preceded her last admission in a 
comatose state. The patient’s course was steadily downhill and she expired eight hours 
after admission. Vomitus was blood-tinged before death. 
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Positive autopsy findings included a right subdural hematoma and cortical hemorrhage 
and basophilic adenoma of the pituitary. The liver was studded with white umbilicate: 
nodules of metastatic islet tumor with central necrosis and cyst formation. The gastri: 
mucosa was hemorrhagic without definite ulcerations. The microscopic sections taken from 
the initial tumor were reviewed and a diagnosis of islet-cell carcinoma was made. 

Comments: This case history is of particular importance in demonstrating the causal 
relationship between the peptic ulceration and the islet cell tumor. Although the twelve-hou: 
secretion decreased following vagotomy from 2,150 ¢.c. with 129 meq. of free HCl to 800 
e.c. with 55.8 meq. of free HCl, repeated aspirations postpancreatectomy showed volumes of 
less than 200 c.c. with no free HCl. To the best of our knowledge this is the only example 
of systematic observation of gastric secretion before and after resection of a noninsulin 
producing islet-cell tumor of the pancreas. Failure to control the hypersecretion by vagotomy 
compared with the response to resection of the primary pancreatic tumor lends support to 
the concept of an ulcerogenic factor of pancreatic origin as suggested by Poth.15 This con 
cept was based on the observations by Dragstedt* and Elmané® that spontaneous duodenal 
ulceration nearly always results from complete diversion of the external pancreatic secretions 
from the duodenum, while ulceration rarely occurs following total pancreatectomy.5 This 
led to the postulate that some intrinsic factor of the pancreas not related to its external 
secretions might have an influence on ulcer formation, since the external alkaline pancreatic 
secretion had been lost in either instance.16 It seems likely, therefore, that the islet-cell 
tumors in these patients excrete excessive amounts of some substance, probably hormonal 
in nature, capable of exciting gastric secretion. 


Case 4.—F. H., a 55-year-old white man, presented himself with a cyclie ulcer history 
of 20 years’ duration with epigastric and right upper quadrant pain occurring some three 
hours after meals. Increasing symptoms had preceded cholecystectomy one year previously 
without relief. During the three months prior to hospitalization the epigastric pain had 
radiated to the back and vomiting had caused a 30-pound weight loss. The initial twelve 
hour night secretion showed a volume of 1,225 ¢.c. with 55 clinical units of free HCl for a 
total of 66 meq. There was no evidence of hyperinsulinism. Roentgenograms showed a 
hypertrophic gastritis, scarring of the duodenal bulb, evidence of ulceration in the second 
portion of the duodenum, and over 50 per cent retention at six hours. At operation the 
stomach wall was thickened, edematous, and considerably dilated. In view of the acute 
inflammatory reaction noted along the second portion of the duodenum and in the region of 
the ampulla of Vater, vagotomy and posterior gastroenterostomy was considered the opera 
tion of choice. 

Although the twelve-hour night secretion decreased to 250 ¢.c. with 21 clinical units of 
free HCl, the ulcerlike pain was only slightly improved. The patient was unable to work and 
was readmitted five months later following several upper gastrointestinal hemorrhages. A 
four-hour gastric aspiration resulted in 175 ¢.c with 92 clinical units free HCl (15.7 meq.). 
The postinsulin blood sugar fell to 54 mg. per cent. A repeat gastric aspiration following 
insulin approximated 475 ¢.c. with 90 clinical units free HCl (42 meq.). Marginal ulcera- 
tion was demonstrated by x-ray studies. At laparotomy, six months following the primary 
procedure, a carcinoma of the head of the pancreas was recognized with metastasis to the 
duodenum, regional lymph nodes, the peritoneal cavity, and the gastrohepatie ligament. A 
large marginal uleer with stony-hard raised edges was easily palpable. Operation was 
limited to biopsy of a peripancreatic lymph node. The histological diagnosis was metastatic 
islet-cell carcinoma. The patient recovered, was discharged unimproved, and expired at home 
a few weeks later. 

CASE 5.—H. M., a 78-year-old white man, was admitted to the medical service com 
plaining of weakness and weight loss of four months’ duration. The history was unreliable 
because of the patient’s mental incapacity. Laboratory studies demonstrated a marked 
anemia and an elevated blood urea nitrogen (88 mg. per cent). Persistent tarry stools indi 
eated gastrointestinal bleeding. X-ray studies showed gastric retention without definite evi 
dence of ulcer. The patient expired after a progressive down-hill course with increasing 
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uremia and continued gastrointestinal bleeding. Positive autopsy findings included a thick- 
walled duodenal ulcer located 5 cm. distal to the pylorus, acute pancreatitis, islet-cell adeno- 
mata with malignant changes located in the tail of the pancreas, atrophic gastritis, severe 
chronic pyelonephritis, and a recent pulmonary infarct. 


REVIEW OF CASES 


Twenty-four cases of ulcerogenic islet-cell tumors of the pancreas have 
been collected for review (Tables I and II). 

The sex of the patient is known in 21 eases. Of these 15 were women, 
8 men. The age of the patients varied from 19 to 78 years and the onset of 
symptoms occurred more commonly in the fourth and fifth decades of life. 
The time interval from the onset of uleer symptoms until the initial operation 
for uleer varied from three months to thirty years. 











VOLUME TOTAL FREE HCL 


Fig. 2.—Bar graph showing twelve-hour night secretions in 7 patients known to have 
nonspecific islet-cell tumors of the pancreas associated with marked ulceration. Normal 
values are indicated by the horizontal line. Values exceeding 2,000 cc. or 100 meq. of HCl 
should suggest the syndrome. 


Evidence of Hypersecretion and Hyperacidity.—Sufficient data for study 
of gastric secretion and acidity were available in one-half of the patients (Fig. 
2). Volumes of twelve-hour night secretion in 7 patients varied from 910 to 
3,170 ¢.c. and exceeded 1,000 ¢.e. in all but one; 4 of the 7 exceeded 2,000 c.c. 
The total free HC] ranged from 66 to 308 meq. in 6 patients and exceeded 100 
meq. in all but 2. Hyperacidity was shown to be present in 4 others by means 
of standard gastric analysis. Uropepsins were measured and were reported 
to be markedly elevated in two patients. 

Location of Primary Ulcer.—Nineteen of the 24 patients had but a single 
uleer at the time of initial operation or on admission, and 5 were multiple 
(Fig. 3). One of these presented 4 ulcers: one in the esophagus, one pre- 
pylorie, one in the second part of the duodenum, and one in the jejunum. All 
told, 11 patients had one or more uleers distal to the first part of the duo- 
denum. Of the 30 ulcers in the 24 patients one was in the esophagus, 4 were 
gastric, 13 were in the first part of the duodenum, 6 were in the second part 
of the duodenum, 3 were in the third part of the duodenum and 4 were in the 
jejunum. 

Site and Type of Islet-Cell Adenomas.—The islet-cell tumors in only 5 (26 
per cent) of the 24 patients were described as being nonmalignant (Fig. 4). 
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9. Wermer, Paul: ~ - Duode- - Obstruction Gastroen- _ 
(Courtesy of num terostomy 8 | 
Dr. Charles T. 
Oleott) Am, 
J. Med. 16: 
363, 1954. 
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20. Strom, R.: 32; lyr. Duodenal Ewald test Pain Subtotal 2. Transthoracic — Reec 
Acta chir, W;F bulb meal post gastrec- omy for marginal yf °® 
scandinav. subtotal gas- tomy cer (19 mo. 
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Two of the 5 were single, one cystic, and both were located in the tail of the 
pancreas. Three patients had multiple islet adenomas: the entire gland was 
enrolled in two, and the tumor was limited to the head and body in one. One 
of these patients with diffuse adenomatosis had undergone a previous resee- 
tion of the tail for chronic hypoglycemia. 
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Fig. 3.—Diagrammatic representation of location of primary ulcer. Thirteen of the 


primary ulcers were found in usual locations (indicated by dotted line) and 11 patients had 
one or more ulcers distal to the first portion of the duodenum. 
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Fig. 4.—Diagrammatic representation of location, number, and type of islet tumors 
found in 24 patients. Only 5 of the 24 were nonmalignant, and, of equal importance, 11 of 
the patients presented multiple adenomas. Finally, the tumor may arise in aberrant pan- 
creatic tissue. 


The remaining 19 patients (74 per cent) were found to be harboring at 
least one malignant islet adenoma. Evidence of spread beyond the confines 
of the pancreas was noted in 11 instances. Sites of metastasis included the 
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liver in 6, peripancreatic lymph nodes in 5, the duodenum in 2, and the gen- 
eral peritoneal cavity in 2. Twelve of the 19 patients had but a single islet- 
cell carcinoma. Of these, 5 were in the tail, 2 in the body, and 4 in the head. 
The remaining tumor was cystic and arose in aberrant pancreatic tissue lo- 
cated in the wall of the stomach. Beta-cell granules were identified in 2 of 
the 12 lesions and in each instance hypoglycemia had occurred. Five of the 
19 patients had multiple islet cell tumors: 3 had but a single malignant tumor 
and 2 had multiple tumors. Benign islet adenomas were present in all. The 
entire gland was involved in one, the body and tail in 3, and the head and 
body in one. A separate beta-cell carcinoma with cystic changes was found 
in one patient. All told, 4 of the 24 patients had mixed tumors. 

Associated Endocrine Tumors.—It is of interest that 5 of the 24 patients 
had tumors of other endocrine glands: one had a basophilic adenoma of the 
pituitary ; one, an eosinophilic adenoma of the pituitary, a chief cell adenoma 
of the parathyroid, and was acromegalic; one, a cortical adenoma of the adre- 
nal and medullary hyperplasia; and 2 had multiple adenomatosis involving 
the pituitary, parathyroids and adrenal cortex. One of these was acromegaliec. 

Clinical Course.—Twenty-two of the 24 patients came to operation: 4 for 
tumor and 18 for ulcer. Of those initially operated upon for tumor, an ab- 
dominal mass was present in 3 and a pancreatic tumor had been diagnosed by 
x-ray in one. Associated peptic uleer was recognized at the time of operation 
in 3 of the 4 patients. 

Of the 18 initially operated upon for ulcer, indications included obstruction 
in 8, massive upper gastrointestinal hemorrhage in 5, and aeute perforation in 3. 
The remaining 2 patients were considered intractable ulcerations failing to 
respond to medical management. 

At the time of the first operation for ulcer an associated pancreatic tumor 
was recognized in 4: was removed in 2 and biopsied in 2, one of which was 
later removed. Pancreatic tumors were found at the time of subsequent 
operation in 5 patients and 4 of these were removed. 

It is of importance that the associated tumors of the pancreas were not 
recognized until autopsy in one-half of the patients operated upon for ulcer re- 
gardless of the number of reoperations. Three of the 9 patients were operated 
upon only onee. Two of these sueeumbed to their initial uleer complication, i.e., 
perforation with generalized peritonitis® and recurrent massive hemorrhage 
from multiple esophageal uleers.2 The third patient recovered completely 
from the initial gastroenterostomy and expired eight years later of an un- 
diagnosed perforated peptic ulcer.”° 

A second group of 3 patients was operated upon twice for recurrent ulcer- 
ation. Perforation of a gastroesophageal ulcer,’® a marginal ulcer,’ and a re- 
current jejunal ulcer’® occurring at one year, twenty days, and four months, 
respectively, following the initial procedure, although diagnosed and treated by 
proper surgical means, proved fatal. Multiple, newly perforating ulcerations 
of the duodenum in one and the jejunum in another patient were demon- 
strated at autopsy. 
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Of the remaining 3 patients, one was operated upon 3 times for ulcer; one, 5 
times; ard the last, 6 times for recurrent ulcer. In the first, transthoracic 
vagotomy failed to control the stomal ulceration occurring 60 days after sub- 
total gastrectomy and several months later a gastrojejunocolie fistula re- 
quired closure.’ A fatal hemorrhage from a newly formed marginal ulcer on 
the fifth postoperative day again points out the fulminating course of this 
new ulcer syndrome. 

The second patient came to subtotal gastrectomy for a marginal ulcer 
just one month following a posterior gastroenterostomy for an obstructing 
duodenal uleer..* The stomal uleer recurred and some seven months later 
following the appearance of a peptic esophagitis and esophageal ulcerations, 
a transthoracic vagotomy was done but had little effect on the disease. Dur- 
ing the next nine months a jejunocolie and finally a gastrojejunocolie fistula 
developed and was resected. The patient died from uremia and anasarea 12 
days following the last procedure. 

In the third patient recurrent jejunal ulceration followed local resection 
of a primary jejunal uleer within one month.*! Impending perforation brought 
about re-resection of the involved segment of jejunum, vagotomy, and gastro- 
enterostomy. Three subsequent operations, including a subtotal gastrectomy, 
transthoracic vagotomy, and re-resection of the gastric pouch, failed to con- 
trol the copious production of acid. Total gastrectomy for massive hemor- 
rhage preceded the ultimate demise of the patient and, as in the above eases, 
an unsuspected nonspecific islet-cell tumor of the pancreas was demonstrated 
at post mortem. 

All told, these 9 patients underwent a total of 23 operations for 9 primary 
and 26 reeurrent or marginal ulcerations and in each instance died of ulcer. 
The recurrent uleer sites included: 3 esophageal; 1 gastric; 11 marginal, 
including two gastrojejunocolic fistulas; 5 duodenal; and 6 jejunal, including 
one jejunocolie fistula. The average survival time after the initial ulcer 
operation was seventeen months. 

It seems most likely that the repeated and eventually fatal ulcerations 
in those patients were due to the copious outpouring of acid gastric juice 
from the stomach mucosa. The stimulus may well be of humoral origin since 
the hypersecretion continues unchanged after excluding both the cephalic and 
antral phases of gastric secretion. Furthermore, the consistent finding of 
islet-cell tumors in these problem cases favors the idea that the stimulant had 
its origin in the pancreatic tumors and that their removal offers the only 
method of controlling the ulceration short of total gastrectomy. 


With this in mind a careful review has been made of the ease histories of 
the 11 uleer patients known to have had an islet-cell tumor of the pancreas 
removed at operation. The tumor was recognized in 7 of the 11 at the time 
of initial procedure and in 4 at subsequent operations. Removal of the tumor 
was supplemented by an ulcer operation in all but 3. The inherent danger 
in operating for tumor only is best shown in the course of these patients. One 
patient underwent a pancreaticoduodenectomy for an indurated mass in the 

















Volume 40 ULCEROGENIC TUMOR OF THE PANCREAS 165 
Number 


head of the pancreas along the third portion of the duodenum which proved 
on section to be a large ulcer erater.’. In addition, a small islet-cell carcinoma 
was discovered in the head of the pancreas. The patient expired on the 
twenty-seventh postoperative day of a perforated stomal ulcer and at autopsy 
two small islet-cell adenomas were identified in the body of the pancreas. It 
seems likely that the rapidity of onset and severity of the marginal ulceration 
were influenced by the continued secretion of an ulcerogenie factor from the 
overlooked islet-cell tumors. 

Excessive gastric secretion and recurrent marginal ulceration in a second 
patient following pancreaticoduodenectomy for a malignant islet-cell adenoma 
may have resulted from continued secretory activity of the metastatic tumor."* 
In this instance re-resection of the gastrie pouch was required on two occasions 
within six years of the initial operation. Recurrent tumor was proved at the 
time of the patient’s demise five years following the last operative procedure. 
It would seem, therefore, that pancreaticoduodenectomy for an ulcerogenic 
islet-cell tumor might best be supplemented with a procedure designed to con- 
trol the acid factor by more extensive resection of the gastric pouch, either 
with or without vagotomy. 

The third patient operated upon for tumor only underwent a successful re- 
section of a cystic islet-cell adenoma of the tail of the panereas.'? Perforation of 
a gastric ulcer four years later suggests the possibility of recurrent tumor ; 
however, none was seen and the patient recovered satisfactorily. 

The associated pancreatic tumor was recognized and removed at the 
initial operation in 4 patients suffering from complicated ulcer disease. Indi- 
cations for operation included intractable uleer pain in one, obstruction in 
two, and massive hemorrhage from a gastric ulcer in the fourth. In the latter, 
subtotal gastrectomy was combined with resection of the body and tail of the 
pancreas for what was thought to be a pseudocyst of the body oceurring fol- 
lowing resection of the tail for adenomatosis with hypoglycemia six months 
before.*° Study of the removed pancreas demonstrated three separate malig- 
nant islet-cell adenomas of the body. The patient’s demise occurred following 
closure of a perforated gastric uleer two months later and at autopsy a diffuse 
adenomatosis was noted in the unresected part of the pancreas. Persistence 
of the uleer diathesis suggests that total pancreatectomy may be required in 
those patients with diffuse adenomatosis of the pancreatic islets if fatal ulcera- 
tion is to be avoided. The co-existence of hyperinsulinism and ulcerogenesis 
is of interest and would seem to indicate the probability that mixed tumors 
may occur. The additional finding of multiple endocrine tumors in this pa- 
tient and in 5 others reported herein is also of interest. Although this brings 
up many theoretical possibilities covering the pathogenesis of the ulcers seen 
in these patients, its greatest value may be in helping to recognize the syn- 
drome. <A past history of other endocrine tumors in a patient with a severe 
uleer problem should suggest the possibility of an ulecerogenic tumor of the 


pancreatic islets. 
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The second patient underwent a subtotal gastrectomy for an intractable 
gastric ulcer and included in the removed specimen was a eystic islet-cell 
carcinoma arising in aberrant pancreatic tissue in the wall of the stomach.” 
The patient recovered completely with no recurrence of symptoms. 

Pylorie obstruction was overcome by means of vagotomy and _ pyloro- 
plasty in the third patient. An enlarged nodule in the pancreas was biopsied 
before closure and a hemipancreatectomy with removal of the body and tail 
was accomplished three weeks later for what was thought to be adenocar- 
cinoma of the body. Further study of the removed pancreas showed a dif- 
fuse malignant adenomatosis of the pancreatic islets and an islet-cell car- 
cinoma of the body. The patient is known to have died soon after discharge 
hut the cause of death remains undetermined. 

A 6 by 8 em. malignant islet-cell tumor was removed from the junction 
of the tail and body of the pancreas in the fourth patient. Gastroenterostomy 
bypassed the obstructing ulcer in the second portion of the duodenum. The 
severe ulcer pain present for many years subsided completely for three years 
and then recurred. One year later laparotomy showed recurrent tumor and 
the patient expired following a massive hematemesis two months later. Gen- 
eralized metastasis, a chronic duodenal ulcer and infarction of the proximal 
jejunum were demonstrated at autopsy. Peptic ulceration apparently was 
controlled following removal of the primary tumor and recurred with the 
appearance of metastasis. 

The associated pancreatic tumor was removed in 4 of the 11 patients at 
subsequent operations: 2 for stomal ulcer at the second operation; and 2 for 
recurrent ulceration at the third operation. Reeurrent hemorrhage from a 
stomal uleer following subtotal gastrectomy for bleeding duodenal ulcer led 
to laparotomy and resection of an islet-cell adenoma in one patient with com- 
plete recovery.*® 

A second patient underwent subdiaphragmatie vagotomy and ligation of 
the left gastric artery for two recurrent duodenal ulcers and a marginal ulcer 
seven years following a gastroenterostomy. <A tumor of the body of the pan- 
ereas was biopsied prior to closure and a hemipancreatectomy, but splenee- 
tomy and jejunostomy were accomplished three weeks later. The microscopic 
diagnosis was islet-cell carcinoma. The patient expired of a subdural hema- 
toma four years later and at that time metastatic tumor was found in the liver. 
Inasmuch as ulceration had not been a problem since resection of the primary 
tumor, the possibility of nonfunctioning metastasis must be considered. All 
told, this patient survived eleven years after the initial operative procedure. 

In the third patient a transthoracic vagotomy was done for marginal 
ulceration 19 months following a subtotal gastrectomy for duodenal uleer. A 
stomal ulceration persisted and ten months later the duodenal stump was re- 
sected for possible retained antral mucosa. A borderline malignant mixed 
islet-cell adenoma of the tail of the pancreas was resected and one positive 
peripancreatic lymph node was removed. The patient recovered satisfactorily 
and was known to be living and well 42 months following the initial subtotal 
gastrectomy. 
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The fourth patient underwent subdiaphragmatie vagotomy, radical gas- 
trectomy with fundusectomy six months following closure of 2 perforated 
jejunal ulcers.*1. Within a short time a large gastroduodenal ulcer developed 
and persisted in spite of radiation of the gastric pouch. Perforation of the 
gastroesophageal ulcer occurred eleven months following the second ulcer 
procedure and required a total gastrectomy. The pancreas was explored be- 
fore closure and a small tumor mass arising in the tail of the pancreas and one > 
enlarged peripancreatic lymph node were removed. The microscopic diag- 
nosis was islet-cell carcinoma. The patient is living and well 30 months fol- 
lowing the primary ulcer operation. 

All told, 5 of the 11 patients are living and 6 have expired. Three died 
of uleer soon after resection of the pancreatic tumor and in each instance 
overlooked islet tumors were found in the pancreatic remnant. The average 
survival time was only one and one-half months. Of the remaining three pa- 
tients who expired all had metastatic tumors at autopsy, and although two of the 
3 patients had suffered one or more recurrent ulcerations following resection of 
the primary islet-cell tumor, the ulcer disease had not proved fatal. The average 
survival time for this second group was 6.6 years after the time of tumor 
resection. 

The 5 living patients and the increased survival time represent a con- 
siderable improvement over that realized in the 9 patients operated upon for ulcer 
only and serve to emphasize the importance of the tumors in the pathogenesis 
of this invariably fatal uleer disease. The importance of residual primary 
tumor with regard to prognosis is well illustrated in the 3 patients with mul- 
tiple islet-cell adenomas who died of recurrent ulcer only a short time follow- 
ing partial pancreatectomy and suggests that total pancreatectomy may be 
necessary in those patients with diffuse adenomatosis. Although the ulcer- 
ogenic potential of recurrent metastatic tumors appears to be less than that 
of the primary lesion, the high incidence of malignancy and the likelihood 
of recurrence favor including some standard ulcer procedure along with 
resection of the primary islet-cell tumor. The advisability of resecting the 
primary tumor in the presence of liver metastasis has not been decided; how- 
ever, the possibility of nonfunctioning metastasis must be considered, and if 
further examples are forthcoming, palliative resection may prove to be of 
value even though distant spread is evident. 

It seems reasonable, therefore, that the surgeon faced with the problem 
of controlling recurrent marginal ulceration or an atypically located primary 
uleer in patients with known hypersecretion should not overlook the possi- 
bility that an islet-cell tumor of the pancreas may be the causative factor. 
In these instances, a careful search for individual tumors or even resection of 
the body and tail of the pancreas might best be considered before subjecting 
the patient to total gastrectomy as a final, heroic means of controlling the 
acid factor. 

SUMMARY AND CONCLUSIONS 


Twenty-four instances of ‘‘uleerogenic tumors” of the pancreatic islets 
have been reviewed. Fourteen of the tumors were single, 10 were multiple. 
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The entire pancreas was involved in 3, the head and body in 2, the body 
and/or the tail in 12 and the head of the pancreas alone in 4. One arising 
in aberrant pancreas was found in the wall of the stomach. Although 19 of 
the 24 islet adenomas were malignant, the rate of growth was slow and peptic 
ulceration remained the predominent manifestation in nearly all the patients. 
Only 11 of the 19 tumors had spread beyond the confines of the pancreas. 

This new clinical entity consisting of a fulminating and frequently fatal 

peptic ulceration is characterized by excessive gastric secretions, i.e., twelve- 
hour night secretions frequently exceeding 2 L. and 100 meq. free HCl, and 
‘apidly progressive, atypically located ulcers recurring despite adequate medi- 
‘al or surgical therapy. The associated tumor remained unrecognized until 
autopsy in 9 patients who underwent 23 operations for 35 primary and re- 
current marginal ulcerations and in each instance died of ulcer with an aver- 
age survival time of seventeen months. The tumor was removed at operation 
in 11 patients with complicated ulcer disease, and of these, 5 are living. Three 
patients died of uleer and in each instance overlooked islet tumors were found 
in the pancreatic remnant. The remaining 3 patients succumbed to recur- 
rent tumor. The average survival time of the 6 fatal cases was 6.6 years and 
represents a considerable improvement over results obtained in those patients 
in whom the pancreatic tumor was overlooked. Furthermore, the improved 
results indicate the importance of the tumors in the pathogenesis of this 
invariably fatal uleer disease. Documented observations of the return of gas- 
trie secretions to normal levels following resection of a noninsulin-producing 
islet-cell tumor of the pancreas in a patient suffering from hypersecretion and 
recurrent marginal ulcerations suggest that a hormonal or chemical factor 
arising in the pancreatic tumor is capable of stimulating the gastric glands 
to secrete and may be the causative agent of the ulcer disease. 

Until such time as methods of absolute diagnosis are available it seems 
reasonable to suggest that a careful search of the pancreas should be made in 
all patients operated upon for peptie ulcer. This is particularly important in 
those patients with atypically located primary ulcer or those operated upon for 
recurrent marginal ulceration. The surgical attack should include removal of the 
tumor combined with some standard ulcer procedure designed to protect the 
patient in the event of recurrent or residual tumor. Finally, the difficulties 
encountered in palpating a small pancreatic adenoma suggest that resection 
of the body and tail of the pancreas may be advisable before subjecting a 
patient to total gastrectomy as a final, heroic method of controlling the acid 


factor. 
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DISCUSSION 


DR. BEN EISEMAN (Denver, Colo.).—Within a week after hearing Drs. Zollinger 
and Ellison’s stimulating paper on this subject last spring we operated on a 39-year-old man 
who had recurrent and resistant peptic ulceration, which in all ways corresponded to the 
clinical history of the patients that had been described. Because of Drs. Zollinger and 
Ellison’s paper, we specifically examined the pancreas at the time of laparotomy and were 
rewarded by finding a malignant alpha-cell adenoma of the pancreas. In writing to Dr. 
Zollinger we told him that everything seemed to fit the disease picture as he described it 
except that our patient had a history of adenomatosis with a past history of adenomata of 
the pituitary, parathyroids, and adrenal cortex, and a previously removed insulin-producing 
pancreatic islet-cell tumor. Because the man was bleeding at the time of exploration we not 
only removed about four-fifths of his pancreas but removed the small remnant of stomach 
that remained from his previous gastrectomies and vagotomy. The patient has remained 
well since, and I think I recognize him as No. 10 in Dr. Ellison’s paper today. 

Because of Drs. Zollinger and Ellison’s previous suggestion that glucagon might be 
involved in producing such ulcerations, we have investigated the ulcerogenic properties of this 
substance. Two dogs were given constant daily infusions of 250 to 450 meg. of glucagon 
over a period of thirty-two and thirty-eight days without the production of ulceration. Gas- 
tric mortality studies carried out by Dr. Witten in our laboratories on patients with known 
duodenal ulcers demonstrated diminished motor activity after the intravenous injection of 
glucagon, and preliminary gastric pouch studies in dogs show a similar diminution in secre- 
tory and motor activity after glucagon injections. Uropepsin excretion following glucagon 
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infusions has been extremely varied in man, perhaps due to the fact that glucagon has an 
appreciable effect on renal function as recently discovered in our laboratories by Dr. Huffman 
and associates. 

In summary, because of the stimulus of Drs. Zollinger and Ellison we were fortunate 
enough to discover a patient with a pancreatic tumor associated with a fulminating and re 
sistant series of peptic ulcerations. Our experimental data suggest that glucagon probably 
is not the ulcerogenic factor in this interesting disease. Because they first described this 
condition and brought it to our attention, it is suggested that this clinical entity he called 
the Zollinger-Ellison syndrome. 


DR. E. J. POTH (Galveston, Tex.).—I am very much interested in this subject and I 
would like to show you two lantern slides very briefly. (Slide.) This chart merely indicates 
the type of secretion following stimulation by the intravenous administration of glucagon 
free insulin. On the right is shown the effect of the administration of glucagon intravenously. 
Without ado, I want to show you the next slide, which represents the gastric secretions from 
a 65-year-old woman who has been diabetic for ten years, and who has had symptoms of 
duodenal ulcer for three years and now has a demonstrable duodenal ulcer with some obstrue 
tion at the pylorus. Without concern for the multiplicity of the lines on this chart, I want 
to demonstrate the data following intravenous glucagon. The blood sugar, as you see, rose 
as indicated and then dropped back to its normal level. The volume and the acid secretion 
first dropped, as would be expected, and then rose to a free acid as high as 140 clinical 
units which obviously is a very marked response to the administration of glucagon. This 
response would indicate to me that this patient is very sensitive to glucagon and probably is 
not secreting an abnormally large amount of this substance. Dr. Ellison, how many of 
your patients had evidence of hyperinsulinism? 


DR. ELLISON (closing).—First of all, 1 would like to thank Drs, Eiseman and Poth 
for their comments. 

In answer to the question regarding hyperinsulinism, 4 out of the 24 patients were 
found to have hyperinsulinism at one time in their life history. Two of these had mixed 
tumors containing some beta granules on microscopic examination; one had had a previous 
resection of the tail of the pancreas for hyperinsulinism and the other had a beta cell tumor 
in addition to one of the ulecerogenic tumors. Both were malignant. The role of glucagon 
is still in question. As I mentioned previously our studies have been rather inconclusive as 
to whether this pancreatic hormone has any effect on gastric secretion. 

In closing I would like to say that perhaps in judging any one of our colleagues who 
might be unfortunate enough to develop peptic ulcers, we must keep in mind that it does not 
necessarily mean that he suffers from anxiety or has worked too hard as a university surgeon, 
but that he might be harboring an ulcerogenic tumor. 











THE PATHOGENESIS OF ACUTE NECROTIZING HEMORRHAGIC 
PANCREATITIS: AN EXPERIMENTAL STUDY 


PauL NemirR, JR., M.D., AND Davin L. Drapxkin, M.D. (By Invitation), 
PHILADELPHIA, PA. 
(From the Harrison Department of Surgical Research and the Departments of Surgery and 


Physiological Chemistry of the Graduate School of Medicine of the University of 
Pennsylvania) 


N PREVIOUS communications dealing with experimental studies on strangu- 
lation intestinal obstruction, we showed that late in the course of the 
strangulation in dogs treated intensively to combat shock, hemorrhage, de- 
hydration, and electrolyte imbalance, and in which perforation of the gut 
was not present, that the intestinal wall became permeable to its intraluminal 
contents and this fluid entered the peritoneal cavity and was thence absorbed 
into the blood stream.’ '* It was possible to demonstrate this course of 
events by the finding on spectrophotometrie analysis of an abnormal hemin 
pigment not previously identified in vivo which was present first in the gut 
lumen, later in the peritoneal cavity, and finally in the blood stream just prior 
to the death of the animal. Injection of the peritoneal fluid having the ab- 
normal absorption spectrum into recipient animals revealed it to be extremely 
toxie.'® 
Peritoneal fluid having similar gross and spectrophotometrie characteris- 
ties was also found in animals having strangulation intestinal obstruction in 
which antibiotics were used,‘ and elinically in patients having gangrenous 
intestine.® 
Sinee the abnormal hemin pigment furnished a clue to the pathogenesis in 
strangulation obstruction our further studies were directed along the lines of 
attempting a more exact identification by reproducing the phenomenon in 


vitro. 

Since the hemoglobin which entered the strangulated loop was irreversibly 
altered by some component or combination of components within the loop, 
attempts at reproduction of the abnormal hemin pigment were made by in- 
cubating blood with pure and activated pancreatic juice, bile, succus entericus, 
macerated mucosa, and the usual bacterial organisms found in the intestinal 
tract; namely, Escherichia coli, hemolytie Clostridium welchu, and streptococci." 

A pigment resembling that found in experimental strangulation obstruc- 
tion was successfully produced from hemoglobin by incubating blood or red 
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blood cells with activated pancreatic juice for twenty-four to thirty-six hours 
at 37.5° C. (Fig. 1). This pigment spectroscopically appears to belong in the 
group of hemochromogens, that is, derivatives of irreversibly denatured hemo- 
globin. The abnormal hemin pigment was obtained only under decidedly 
specific conditions. Although some 70 experiments were carried out, irrever- 
sible alterations of the hemoglobin occurred in only two other circumstances: 
(1) in the presence of bile or bile acids the hemoglobin was altered to its 
hemochromogen, an irreversible alteration, but not identical with the pigment 
previously found; (2) large amounts of trypsin mixed with blood alone also 
yielded an irreversible alteration of the same general character. 

The pigment formed by the admixture of blood and activated pancreatic 
juice was identified as a hemin, split from the globin presumably by enzymatic 






































digestion, 
MIXTURES EXAMINED COMBINING IRREVERSIBLE 
SPECTROPHOTOMETRICALLY PROPORTIONS ae dees 
Blood + APJ 1:2 Yes 
Blood + APu (4°C,36 hrs) 1:2 No 
Blood + AP (filtered) l:2 No 


Blood + HCL Welchii 2m1.:3 1F. Methemoglobin 
Blood + 3bact. strains 2ml.:3 lf.ea. No 


Blood + Bile 1:2 Hemochromogen 
Blood + PJ Bile R:3:1 Yes 
RBC + APJ 1:2 Yes 
Blood + Trypsin Rml1.: 50 mg. Yes 








. Fig. 1.—Results of spectrophotometric analysis of various mixtures The mixtures were 
incubated for 36 hours at 37.5° C. The pancreatic juice and bile were used immediately after 


collection. PJ: fresh, pure pancreatic juice; RBC: red blood cells; APJ: activated pan- 
creatic juice; APJ (filtered): activated pancreatic juice filtered through a Seitz filter in an 


ice water bath; If: loopful; 3 bact. strains: JF. coli, hemolytic Cl. welchii, and hemolytic 
streptococcus. Note that the abnormal hemin pigment rather than the hemochromogen is 
formed when blood is incubated with activated pancreatic juice and bile in the proportions 


used. 


Injection of the material with the abnormal absorption spectrum revealed 
a rapid lethal effect when given intravenously into dogs in sufficient amounts 
(2.8 to 6.3 ml. per kilogram of body weight).17 18 That the pigment was not 
necessarily the toxic agent, however, was indicated by the subsequent observa- 
tions that when activated pancreatic juice was mixed and incubated with 
plasma alone, the resulting material was also highly lethal. 

During this same period of time, studies on the etiology and pathogenesis 
of acute necrotizing pancreatitis were being carried out. It was our experi- 
ence, as well as that of others,’ that when fresh gall-bladder or common duct 
bile was injected into the major pancreatic duct of the dog and the duct then 
ligated that, while an edematous interstitial pancreatitis with a transient 
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elevation of the serum amylase and lipase would occur, it was extremely diffi- 
cult to produce a fulminating acute necrotizing hemorrhagic pancreatitis. In- 
deed, only after injecting as much as 15 ml. of bile under extreme pressure 
into the ducts were we able to produce a fatal pancreatitis, and it was clear 
under these conditions that the ductal system was severely ruptured. In view 
of our findings in the above in vitro experiments we tested the injection of the 
fluid containing the abnormal absorption spectrum into the major pancreatic 
duet of the dog. The results of these latter experiments form the basis of 


this report. 





Fig. 2.—Method of producing acute hemorrhagic necrotizing pancreatitis. The omentum 
and spleen have been removed and the minor duct has been ligated and divided. The sutures 
are around the major pancreatic duct. Five milliliters of the activated pancreatic juice-blood 
mixture was gently injected into the duct through a No. 24 needle and a fine polyethylene 
catheter (internal diameter 0.030). This photograph was taken approximately twenty minutes 
after the injection was completed and the catheter removed. Slight discoloration of the 
pancreatic parenchyma was occasionally noted and it is, of course, conceivable that some of 
the finer ductules were ruptured. Exactly similar discolorations were noted when the non- 
lethal blood alone was introduced. 


METHODS 


The pure pancreatic juice was collected as previously described17 through a Thomas 
cannula29 which had been placed opposite the major pancreatic duct. The pure juice was 
activated with enterokinase, succus entericus, or bile immediately upon withdrawal and 
then allowed to stand in the refrigerator at 4° C. for four hours, It was then mixed with 
fresh dog blood in proportions previously used; namely, one part of blood to two parts 
of activated juice, and then incubated at 37.5° C. for twenty-four to thirty-six hours. 

Operation on the animals was carried out under veterinary Nembutal anesthesia (24 
mg. per kilogram body weight). The spleen and omentum were first removed in order to 
prevent the latter from walling off fluid collections and also to facilitate withdrawal of 
peritoneal fluid at intervals. The minor pancreatic duct was divided and ligated. The 








174 NEMIR AND DRABKIN hago! 
major duct was isolated and ligated at its entrance into the duodenum (Fig. 2). <A smal! 
slit was made just distal to this ligature and a fine polyethylene catheter attached to a 
No. 24 needle was threaded for a distance of 3 to 6 cm. into the duct. The material, 
whether whole blood, activated pancreatic juice, or the mixture of the two, was then gently 
injected through the No. 24 needle. No more than 3 to 5 ml, total amount was used in 
any instance. Injection was usually completed in around fifteen minutes. The catheter 
was then withdrawn and the major duct again ligated distal to the slit which had been 
made for the catheter. The abdomen was then closed. No specific treatment was given 
during the postoperative period. Water was placed in the cage on the day of operation. 
Thereafter, in those cases of survival, dog biscuits and the usual kennel ration were 
offered and taken. Postoperative studies included rectal temperatures, serial serum 
amylase and lipase, and in some cases aspiration of the peritoneal fluid and study of its 


enzyme content. 
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Fig. 3.—Results of injections of the various solutions into the major pancreatic duct of 
the dog. Note that there was a much larger ameunt of blood injected into the animals 
receiving the blood alone, and of activated pancreatic juice into the animals receiving this 
substance alone as compared to those animals receiving the activated juice-blood mixture. 


RESULTS 

As will be noted from Fig. 3, the animals receiving blood alone and the 
activated pancreatic juice alone all survived. It must be pointed out here 
that although the amounts injected were similar to the amounts in the animals 
which died, there was a much greater proportion of blood in the animals re- 
ceiving the blood alone and of the activated pancreatic juice in the animals 
receiving this solution alone as compared to those animals receiving the 
activated pancreatic juice-blood mixture. 

Six animals received the activated pancreatic juice-blood mixture. One 
of these animals was sacrificed on the fifth postoperative day while in a 
practically moribund condition. The remaining animals all died between 


sixteen and thirty-six hours. 
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From the clinical standpoint there was a tremendous difference in these 
two groups of animals. The animals receiving the blood alone and the pan- 
ereatic juice alone were not appreciably affected by the injections. They re- 
sponded rapidly from anesthesia and, although they had temperature eleva- 
tions ranging between 101.6° F. to 102.8° F. during the postoperative period, 
none appeared very sick. To be sure, they all had marked elevations of the 
serum amylase and lipase in the postoperative period and serohemorrhagic 
fluid with high enzyme content could be aspirated from the peritoneal cavity. 





Fig. 4.—Photograph of pancreas removed from an animal who was sacrificed sixty hours 
after receiving 5 ml. of activated pxncreatic juice into the major pancreatic duct. The gland 
is edematous and congested and some fat necrosis is present in the tail of the right limb. 
There were no areas of hemorrhagic necrosis. 


However, this was never the same grossly bloody fluid seen in the other group 
of animals. Fig. 4 shows the pancreas from an animal sacrificed sixty hours 
after receiving 5 ml. of activated pancreatic juice. While there was some 
edema of the gland with separation of the lobules and some fat necrosis in the 
region of the tail of the right limb of the pancreas, there was no hemorrhagic 
necrosis. 

In contrast, the animals which received the activated pancreatic juice- 
blood mixture were extremely sick throughout their survival. The terminal 
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picture was that of a shocklike state with a marked elevation of the tempera. 
ture. Temperature ranged between 103° F. and 105° F. Here again the 
amylase and lipase were markedly elevated during the period of survival, but 
the values were not appreciably different from those obtained in the other 
group of animals. The extreme toxicity of the small amounts of the activated 
pancreatic juice-blood mixture was clearly demonstrated. Necropsy on the 
animal which was sacrificed on the fifth day revealed a severe necrotizing 
pancreatitis with approximately 200 ml. of a sanguino-purulent material in the 
peritoneal cavity. The pancreas was necrotic and gelatinous in consistency 
over approximately 60 per cent of its substance. There were areas of fat 
necrosis on the surface of the gland but the fatty plaques were not generalized 
throughout the abdomen. 





Fig. 5.—Photograph at necropsy on a 13.5 kg. animal who received 0.4 ml./kilogram of 
the activated pancreatic juice-blood mixture into the major pancreatic duct. Death occurred 
at twenty hours. The head of the animal is to the left and the right side of the body is 
in the lower part of the photograph. The gall bladder and liver may be seen in the ex- 
treme left of the picture. The duodenum is pulled upward and to the left to expose the 
hemorrhagic necrotizing process on the undersurface of the gland. Note the fat necrosis 
in the mesentery. In the lower portion of the photograph a pool of the bloody peritoneal 
_— may be seen. Approximately 150 ml. of the bloody fluid was present in the peritoneal 
cavity. 


The findings at necropsy in the remaining five animals were entirely simi- 
lar and may be summarized as follows: Bloody peritoneal fluid ranging in 
amounts from 50 ml. to 150 ml. was present in the peritoneal cavity (Fig. 5). 
Exeept in the animal which was sacrificed on the fifth day, there was no 
evidence of a purulent peritonitis nor was there any fibrinous peritoneal exudate. 
In two of the animals fat necrosis was present in the mesentery of the small 











Fig. 6. 
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Fig. 7. 





Fig. 6.—Photograph of pancreas removed at autopsy from the animal shown in Fig. 5 
to show the anterior surface of the gland. The appearance of the gland in all of the animals 
receiving the activated juice-blood mixture was entirely similar to the one shown here. Note 
the extent of the necrotizing process from the anterior aspect of the gland. 

Fig. 7.—Photograph showing the posterior aspect of the same gland as shown in Figs. 
5 and 6, to show the extent of the necrotizing process on the undersurface of the gland. The 
autopsy findings were entirely similar both grossly and microscopically to fatal cases of 
hemorrhagic necrotizing pancreatitis seen clinically. 
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bowel, but, in general, the fatty plaques were situated in close proximity to 
the pancreas. The pancreas almost invariably was intensely swollen and econ- 
gested, and in the portions of the gland which were not necrotic, a glairy 
edematous fluid was present within the capsule. 

Approximately 40 to 60 per cent of the pancreas demonstrated a hemor- 
rhagie necrosis. The picture grossly resembled that seen in fatal necrotizing 
pancreatitis clinically. The area of necrosis most frequently involved the 
mid-portion of the pancreas and the proximal portions of both limbs (Figs. 6 


and 7). 





necrotizing 
of the activated pancreatic juice-blood mixture 
major pancreatic duct. Note the widespread destruction of the acinar tissue and 
almost complete loss of normal architecture in this area. (135; reduced ¥.) 


Fig. 8.—Photomicrograph of pancreas from animal dying of hemorrhagic 
pancreatitis following the injection of 5 ml. 
into the 


General examination was otherwise not remarkable except for the intense 
congestion of all the abdominal viscera. This was particularly true of the 
liver, kidney, and serosa of the gastrointestinal tract. The liver, kidney, and 
adrenals otherwise exhibited no gross abnormalities. Microscopically the 
significant findings were limited to the pancreas. In some areas, aside from 
the intense edema and congestion, the histologic structure of the acini and 
ductal system was essentially normal. Primarily, however, there was severe 
hemorrhagic necrosis with widespread destruction of the acinar tissue and 
almost complete loss of normal architecture (Fig. 8). Vessel thrombosis was 
a frequent finding.’ *° 
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DISCUSSION 


It is generally held that hemorrhagic necrotizing pancreatitis represents 
a more advanced stage of the edematous or interstitial form of the disease. 
There are undoubtedly many ways in which the edematous form of the disease 
may be initiated. As has been shown by numerous investigators, the re- 
gurgitation of bile from the common bile duct into the major pancreatic duct, 
or the injection of bile into the pancreatic duct, results in a diffuse inflamma- 
tion of the pancreatic parenchyma not unlike that seen clinically.*° Wangen- 
steen, Leven, and Manson*° felt that the edematous or interstitial form of the 
disease was the result of two factors: (1) obstruction of the pancreatie ducts, 
together with (2) the presence of an actively secreting or stimulated gland. 
Radakovich, Pearse, and Strain®® and Coffey? have also produced pancreatitis 
experimentally by combining ligation of the ducts with stimulation of the 
gland. Lium and Maddock’ have postulated that the initial inflammatory 
reaction may be brought about by obstruction of the pancreatie duct as a 
result of any of a number of different causes, in the presence of a healthy 
actively secreting gland. This obstruction may be due to pancreatic or 
common duet calculi, metaplasia of the pancreatic ducts, or edema of the 
duodenal mucosa from alcohol or other irritants. It is reasonable to assume 
that any of these mechanisms may be regarded as responsible for the inter- 
stitial variety of the disease. The factors concerned with the conversion or 
progression of the interstitial form of the disease to the hemorrhagic necrotiz- 
ing form are considerably less clear. 

Powers, Brown, and Stein?! econeluded from their studies that pancreatic 
edema progressed or converted to pancreatic necrosis as a result of (1) the 
conversion of trypsinogen into trypsin within the pancreas by the entrance of 
a trypsin activator either through the ducts (bile reflux) or in the circulating 
blood, and (2) panecreatie duct obstruction. They felt that hemorrhagic 
necrotizing pancreatitis would regularly develop whenever both factors were 
present, but they pointed out that trypsin would appear in the circulation only 
when the amount of this material released was sufficient to neutralize all of 
the “anti-trypsin.” 

The importance of the vascular component in the transition from edema- 
tous pancreatitis to hemorrhagic necrotizing pancreatitis has been stressed by 
a number of investigators.?* 2° Popper, Necheles, and Russell?° demonstrated 
experimentally that edematous pancreatitis could be transformed into the 
hemorrhagic type by temporarily occluding the pancreatic arteries. More- 
over, compromise of the blood supply might occur with emboli. MacKenzie™ 
was able to produce definite pancreatic necrosis and hemorrhage by ligation 
of the main pancreatic duct in dogs, combined with the injection of 2 to 4 ml. 
of sterile paraffin oil into the superior pancreaticoduodenal artery of dogs. 
Harteroft® has postulated that dietary deficiency in patients may produce a 
hyperlipemia and thus a potential state of chronic intermittent fat emboli. 
Coffey* has reported the oceurrence of hyperlipemia in five patients having 
acute pancreatitis. Blood fat determinations were strikingly elevated. This 
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hyperlipemia might, in some cases, be responsible for bringing about a compro- 
mise of the blood supply in pancreatic disease. On the other hand, while 
Radakovich, Pearse, and Strain?? did find immediate elevations of the serum 
amylase and lipase following the injection of an oily emulsion into the arterial 
blood supply of the pancreas after duct ligation, there were, nonetheless, no 
areas of hemorrhagic necrosis or fat necrosis in any of the experiments. In 
subsequent work carried out by these investigators, pancreatitis was pro- 
duced readily in dogs by administration of d, 1-ethionine, a presumed an- 
tagonist of the essential amino acid methionine. Small doses of the drug of 
the order of 25 mg. per kilogram administered daily over a period of several 
weeks resulted in extensive atrophy of the pancreas, whereas larger doses of 
150 to 200 mg. per kilogram over a period of eight to ten days produced 
pancreatitis with extensive fat necrosis and hemorrhagic areas. The serum 
amylase levels did not rise but tended to fall. In addition to the acinar de- 
generation of the pancreas, fatty changes were noted in the liver. The impor- 
tance of adequate protein in the prevention of pancreatic damage is stressed 
by these observations and may have importanee clinically since alcoholism and 
dietary insufficiency are not infrequently noted in the history of patients 
having pancreatitis. 

That the transition of the interstitial variety of the disease to the 
necrotizing form may be in some manner related to a sensitization reaction 
has been proposed by Thal.?7 The consistently demonstrable extensive capil- 
lary and venous thrombosis found at necropsy in human acute necrotizing pan- 
creatitis suggested to this investigator a sensitization reaction similar to the 
rapidly developing vascular lesions seen in the dermal Schwartzmann and 
Arthus reactions. He was able to produce acute pancreatic necrosis after 
sensitizing rabbits for a period of weeks with egg albumin and then injecting 
small amounts of the egg albumin into the pancreatic duct. Whether an 
interstitial or a necrotizing pancreatitis developed depended upon the length 
of the sensitization period prior to the injection of the egg albumin into the 
duct. Pancreatic necrosis regularly occurred in zones where the majority of 
vessels showed thrombotic occlusion either by hyaline or leukocyte fibrin 
thrombi. He stated that a food allergy or sensitization to bacteria or bacterial 
products might play some role in the pathogenesis of the human disease but 
felt that as yet the data were inconclusive. 

In subsequent experiments on the pathogenesis of bile pancreatitis Thal** 
presented evidence that the suppression of pancreatic blood flow was an im- 
portant primary factor in precipitating the necrotizing form of the disease. 
Using a binocular dissecting microscope and a special transillumination appara- 
tus observations on the blood flow in the rabbit’s pancreas were made after 
injection of fresh bile either intraductally or into the pancreatic parenchyma. 
He found that when bile was introduced into the duct at duct-rupturing pres- 
sures or when it was placed in the pancreatic parenchyma rapid changes 
oeeurred in the lobular circulation. Within five minutes after bile was seen 
to burst out of the ductules into the interstitial tissue, the capillary circulation 
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became sluggish and the cells closely packed. The veins and arteries supplying 
the lobule showed areas of segmental spasm alternating with areas of extreme 
venous distention. By ten to fifteen minutes lobular circulation had virtually 
ceased and by twenty minutes punctate ruptures of capillary walls with sub- 
sequent extravasation of red blood cells occurred giving the pancreas a 
hemorrhagic appearance. During some three hours of observation there was 
no evidence of return of the circulation to those areas of the pancreas in 
which bile leakage had occurred. It was felt that the extreme circulatory 
stasis was due to the direct action of bile salts on the blood vessel wall. 

Our concept of the pathology in necrotizing pancreatitis is in no wise at 
variance with the above-mentioned theories related to pathogenesis. Indeed, 
it is felt that our studies represent a further delineation of the pathogenesis. 
There can be little doubt that the addition of a vascular component is the 
principal factor in the onset of necrotizing pancreatitis. The fundamental 
consideration would seem to be one of ischemia occurring in the edematous 
gland. Whether this ischemia be on the basis of obstruction of the capillaries 
as a result of the edema, intraluminal occlusion as a result of fat globules, 
vascular spasm, or stasis of blood within the capillaries incident to a vessel 
reaction to bile or bile salt, would seem to be of secondary importance. It 
is probable that under any of these circumstances, the integrity of the 
capillary wall will become sufficiently impaired so that red blood cells and/or 
plasma come into contact with the pancreatic juice and, as a result of this 
admixture, a highly toxie substance is formed. It is probable, also, that once 
the necrotizing process is initiated, it becomes self-perpetuating. This might 
account for the fact that the amount used to cause a fatal necrotizing pancreatitis 
when injected into the ducts was from five to ten times less than the amount of 
the same material which was lethal on intravenous administration. It is to be 
recalled that the amount of blood in the injected mixture never amounted to 
more than 2 ml. 

This concept would explain, or at least be consistent with, many of the 
cases of necrotizing pancreatitis seen clinically who died in a shocklike state 
and in whom the gross findings at necropsy were not sufficiently severe to 
explain the cause of death, even though they did establish the diagnosis.® 1" 2° 

The bacterial factor continues to be a most difficult part of the problem 
to assess. The better survival rates, as compared to the controls, when peni- 
eillin, streptomycin,’ Aureomycin,’® or neomycin** was administered to ani- 
mals having a bile-induced pancreatitis have been demonstrated. The diffi- 
culty lies in the fact that there is such wide variation in the mortality rates of 
control animals when the bile injection technique of producing the disease is 
used. It is probable that the force and speed of injection with its subsequent 
rupture of the pancreatic ductules is more important than the amount in- 
jected since with the rupture of the ductules the vascular component is 
initiated. The difficulty of producing a fatal pancreatitis with bile, except 
with high injection pressures and rapid administration has been pointed out,” ” 
and was our experience also. 
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All of the materials which we injected, including the blood which was 
seeded, contained the organisms most frequently cultured from the intestine of 
the dog. Since the pancreatic juice was collected through a eannula passed 
through the intestinal orifice of the major pancreatic duct this is understand- 
able. Moreover, the suceus or the bile used for activation invariably con- 
tained organisms. Detailed colony counts were made on the mixtures both 
prior to and after incubation and while it was true that the colony count was 
markedly increased following thirty-six hours of incubation, the increase was 
just as marked in the injected materials which were nonlethal as in the mix- 
tures which were lethal. Efforts to obtain sterile juice for injection have thus 
far been unsuccessful. Whenever the pancreatic juice was filtered through a 
Berkefeld or a Seitz filter, studies revealed the amylase and lipase contents to 
be markedly decreased and there was practically no tryptie activity. Admix- 
ture of filtered pancreatic juice and blood failed to reveal the hemin pigment 
and this mixture was not lethal on intravenous injection into recipient animals 
even in large amounts.!” 3§ 

It is to be stressed that there is no absolute evidence at hand to implicate 
the hemin pigment as the toxie agent. Globin-hemochromogen (alkali de- 
natured hemoglobin) is exceedingly toxic when injected intravenously® and 
it is true that the hemin pigment produced by the enzymatie digestion of 
blood revealed the spectrophotometric curves of a hemochromogenlike sub- 
stanee. It is also true that the substances showing the abnormal hemin pig- 
ment were highly toxic. However, as previously stated, the enzymatic diges- 
tion of plasma alone yielded an equally toxie material, at least on intravenous 
injection. Sinee a toxic substance is formed by the enzymatic digestion of 
either blood, red blood cells, or plasma by activated pancreatic juice, the 
lethal agent might conceivably be either the hemin pigment or an incomplete 
breakdown product of protein digestion, or both. 

CONCLUSIONS 

1. An experimental form of acute hemorrhagic necrotizing pancreatitis 
which closely resembles the corresponding human disease has been success- 
fully produced in dogs. 

2. The experimental disease was produced by injecting into the pan- 
creatie duct a mixture containing an abnormal hemin pigment, a hemochromo- 
genlike substance, produced by the ineubation of blood with activated pan- 
ereatie juice. 

3. The importance of the vascular component in the pathogenesis of acute 
hemorrhagic necrotizing pancreatitis is stressed by these studies. We propose 
a tentative concept that as a result of the ischemia and vessel-wall damage 
incident to vascular compromise, blood is allowed to come into contact with 
pancreatic juice in the gland parenchyma and an extremely toxic substance is 
then formed. 


Our thanks are due to Miss Helen Ellis for carrying out the detailed bacteriologic 
studies, and to Mr. Bruce Gould for securing the fresh pancreatic juice for us. 
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THE RELATIONSHIP OF COLLAGENASE TO PANCREATITIS 


Rosert T. Hosier, M.D., AND SipNrEy E. Zirrren, M.D., Iowa City, lowa 
(From the Department of Surgery, the State University of Iowa College of Medicine) 


OR many years attempts have been made to explain the cause of pancreatitis 

in man. Various explanations have been offered, including obstruction of 
the pancreatic duct,’ © ® infection,? mechanical or chemical trauma,’ impair- 
ment of blood supply,’ and metabolic interference with cell function.* There 
has always remained, however, the question of why pancreatitis should result 
when the known proteolytic pancreatic enzymes, that is, trypsin, chymotrypsin 
and carboxypeptidase, are in a proenzyme state (as trypsinogen or chymo- 
trypsinogen) and require activation before they can effect their action. The 
actual regurgitation of intestinal juice into the pancreatic duct to activate 
these enzymes is extremely uncommon. In addition, these enzymes are known 
to be unable to digest long chain protein molecules unless those molecules have 
been partially digested by some hydrolytic agent beforehand or if the pH of 
the surrounding medium is very low. The development of pancreatitis, there- 
fore, has remained obscure. 

Our purpose is to demonstrate that pancreatitis is the result of the escape 
of pancreatic juice into the interstitial tissue about it, and the cause rests in 
a hitherto undescribed enzyme in the pancreatic juice, collagenase, which re- 
quires no activation and which sets this whole process into action. 


METHOD 


We? have previously described the method used in collecting inactivated pancreatic 
juice for the in vitro tests. The method of assay has also been described and is essentially 
a quantitative analysis of the hydroxyproline fraction in the residue, which permits ac- 


curate calculation of the amount of collagen digested.* 


RESULTS 


Inactivated pancreatic juice from the dog demonstrates marked collagenase 
activity, varying from 41.5 to 52.0 per cent (Fig. 1). Chymotrypsin and 
carboxypeptidase demonstrate no collagenase activity. When trypsin is tested, 
slight collagen digesting ability is demonstrated varying from 13.0 to 16.0 
per cent. However, when trypsin is heated to 95° C. for four and one-half 
minutes and then cooled, the collagenase activity is destroyed (Fig. 2), but the 
proteolytic activity against casein remains intact (Fig. 3). This ability of 
trypsin to withstand heating was originally described by Northrop. When 


Read at the meeting of the Society of University Surgeons, Indianapolis, Ind., Feb. 9-11, 


1956. 
*Collagenase activity wili be recorded as percentage of collagen digested utilizing 100 


mg. of collagen and 2.0 ml. of juice. 
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pancreatic juice is heated in the same fashion all collagenase activity dis- 
appears. Inactivated pancreatic juice has no tryptic activity against casein. 
When bacterial collagenase derived from the Clostridium histolyticum is heated 
in the same fashion it too loses its activity. This suggests that the slight 
activity displayed by unheated commercial trypsin is due to previously unnoted 
inclusion of collagenase in its preparation. 
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Fig. 1.—Collagenase activity of dog pancreatic juice. 
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Fig. 2.—Assay of collagenase activity of commercial trypsin. 


Unheated E 
Heated * | 














Heated* 





a S 


nn 


i. + 4 4 + 
T tT sia 


onal 
’ 





20 40 60 80 100 
% Casein Digested 


*95° C for 442 min. 


Fig. 3.—Assay of proteolytic activity of commercial trypsin. 


Adding duodenal content, bile, or an extract of duodenal mucosa does not 
appreciably increase the collagenase activity of pancreatic juice, indicating 
that none of these accessory factors plays any essential role in activating this 
enzyme of pancreatic juice as does intestinal juice with trypsinogen or chymo- 
trypsinogen. In this respect it is similar to pancreatic amylase and lipase 
which require no activation. 

We were able to obtain fluid from 2 human pancreatic fistulas, each of 
which was free of bacterial growth. One showed 62.5 per cent digestion and 
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the other, 76.0 per cent. The fluid from 3 human pancreatic pseudocysts, also 
free of bacterial growth, showed collagenase activity of 21.0 per cent, 62.0 per 
cent and 63.0 per cent. 

If the originally stated hypothesis is true, merely injecting the same pan- 
ereatic juice back into the pancreatic duct, rupturing a duciule, should result 
in pancreatitis. This was tried in 4 instances by collecting sterile pancreatic 
fluid and reinjecting 3 to 5 ml. of the fluid into the duct of the same animal 
under moderate pressure. The degree of pancreatitis varied with the time at 
which the animal was autopsied ranging from acute inflammation in twelve 
hours to severe necrosis in forty-eight hours (Fig. 4). 





Fig. 4.—Severe necrosis, edema, and inflammatory exudate present thirty-six hours after inject- 
ing pancreatic juice back into duct under pressure. 


The next question that arises is: Does the activity of collagenase on the 
surrounding pancreatic tissue result in a factor which activates the remaining 
proteolytic enzymes in pancreatic juice so these enzymes also participate in the 
pancreatitis? 

An experiment was constructed so that inactivated pancreatic juice was 
placed in the test tube with casein for measuring the tryptic activity as de- 
scribed by Grob.* Without intestinal juice nothing happens, since the trypsino- 
gen is inactive. Pancreatic juice was then permitted to act on pure collagen 
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for five hours and 1 ml. of this mixture was then transferred to the inactivated 
pancreatic juice-casein mixture. In this instance no activation occurred. The 
same effect resulted when pancreatic juice was permitted to act on blood. 
When, however, pancreatic juice was permitted to act on a small (1 Gm.) piece 
of pancreas, 1.0 ml. of the resulting mixture activated the trypsinogen to 
trypsin permitting digestion of casein (Fig. 5). A control, utilizing 1.0 ml. oi! 
a combination of pancreas and distilled water incubated for 5 hours, failed to 
activate the trypsinogen. 


CASEIN + PANCREATIC JUICE 


+ 


‘ml. of Product of: 
Pancreatic Juice + COLLAGEN 
Pancreatic Juice + BLOOD 
Pancreatic Juice + PANCREAS 
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Fig. 5.—Tests for a proteolytic activator. 


DISCUSSION 

We are then able to postulate the mechanism of pancreatitis as follows: In 
some manner a ductule or ductules are ruptured permitting the pancreatic juice 
to escape. This rupture may be due to one or a combination of factors which 
cause a rise in intraductal pressure, such as outlet obstruction by stone, spasm, 
or metaplasia of ductal epithelium. This may be aggravated by a striking 
inerease in volume of secretion such as is seen after a heavy meal or following 
vagal stimulation. The collagenase begins to act on the surrounding tissue. 
The resulting product of the action of inactivated pancreatic juice on pancreas 
liberates still another factor which activates trypsinogen to trypsin, and the 
process may proceed even further. 

It is interesting to note that Rich and Duff,’ in 1936, in their monograph on 
pancreatitis stated that the activation of trypsinogen to trypsin in pancreatic 
juice was not needed to produce the changes of pancreatitis, that trypsinogen 
itself could produce this pathologie process. They also stated that heating 
trypsin destroyed this necrotizing power. Actually, they had described ae- 
eurately the changes which can occur from pancreatic juice which escapes, 
but had failed to realize these effects were caused by another enzyme, ecol- 
lagenase, which requires no activation, and in fact, is an enzyme which is 
destroyed by heat, in contrast to trypsin. 


SUMMARY 

An enzyme, collagenase, is present in inactivated pancreatic juice. 

This enzyme will digest the interstitial tissue of the pancreas and will 
initiate pancreatitis upon escaping from the duct. The product of this action 
has the ability to transform trypsinogen to trypsin, which may produce further 
destructive effects in pancreatitis. 
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Discussion 

DR. E. L. HOWES (New York, N. Y.).—These two papers are very exciting and I wish 
to discuss them because we have been interested in the chemical and physiologic properties 
of collagenase during the past four years. 

Among the proteolytic enzymes, only collagenase attacks undenatured collagen. It 
may well be the active agent in both of the investigations discussed today and, in addi- 
tion, collagenase is an important and useful biologie tool. 

Dr, Hosie’s method analyzing for hydroxyproline is the correct one. This amino acid 
is unique in collagen. It is most important to utilize undenatured collagen as the starting 
material, otherwise the test is not for collagenase. If there is any question a fresh piece 
of skin can be put in the suspected collagenase for forty-eight hours, and it becomes putty 
if collagenase is present. Collagenase will not attack fibrin, mucoproteins. or keratin. 
Squamous epithelium is more resistant to its action than mucous cells. Its powerful hemor- 
rhage-producing factor causes pulmonary hemorrhage when given intravenously to mice, 
and when it is injected subcutaneously causes extensive hemorrhage extending into the 
flank. We have not looked, unfortunately, at the pancreas for evidence of hemorrhage. 
It is reasonable to suppose it would produce hemorrhage in the pancreas if placed in the 
duct. 

Collagenase destroys connective tissue even when subhemorrhagic concentrations are 
employed, but granulations are more resistant to its action. Subsequent to its use, this 
concentration produces extremely vascular adhesions that we have used to aid tissue trans- 
plantation and may be useful for omentopexies or cardiopexies. It separates epithelium 
frum surrounding connective tissues and we supply small amounts to our tissue culture 
friends who use the material to produce better growth of epithelium. The enzyme is 
tremendously powerful, 0.1 mg. dissolves 25 mg. of collagen; 0.3 mg. per e.c. will destroy 
mucous cells while 0.1 mg./e.c. is utilized in transplantation experiments. 

In vitro, a virtual moulage has been obtained by the anatomists who use collagenase 
to free sebaceous glands from surrounding connective tissues. 

Collagenase is produced under relatively anaerobic conditions by two organisms native 
to the gastrointestinal tract: Clostridiwm histolyticum and Clostridiwm perfringens. We 
incubate histolyticwm for seventeen hours in a media containing large amounts of peptones, 
obtained from a pancreatic extract. In the first paper of Nemir and Drabkin collagenase 
might have been produced when intestinal organisms were incubated with blood. 

The Iowa group is to be congratulated for suggesting the possibility of collagenase 
producing hemorrhagic pancreatitis, but one point puzzles me; if pancreatic juice contains a 
collagenase, then the juice itself should produce pancreatitis and no exogenous enzyme would 
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be needed in the second portion of the experiment. This enzyme is easily inhibited. It has a 
sharp peak activity at pH 7.2. No inactive form is known. Its action requires ferrous, cal 
cium, and sometimes cysteine ions. It is inhibited somewhat by phosphate ions. 

Because so little collagenase is required to produce hemorrhage, we will be glad to send 
some to any investigator who wishes to inject pancreatic ducts, and shall gladly indicate 
how to make undenatured collagen to test its activity. 

Although collagenase is occasionally found in the digestive glands of fishes, this re- 
search is the first to suggest its occurrence in mammals. If, indeed, there be such mam 
malian collagenase it may account for the mobilization of connective tissues following in 
jury; at wound site; at the ends of fractured bones; and in collagen diseases. We have 
always believed that plasmin-like enzymes mobilized collagen after its denaturation but 
we do not know the nature of the denaturing agents. 


DR. ROBERT T. HOSIE (closing).—I would like to thank Dr. Howes for his very 
encouraging remarks. Our collagen was prepared from bovine achilles tendon, the fat cleared 
with aleohol and dried with acetone. As a check, on one occasion I took a piece of fresh achilles 
tendon, quick frozen, sectioned 100 mg., and obtained the same results with fresh collagen 
obtained in that fashion. I might also mention that on a few occasions we have measured 
the pH of fresh inactivated pancreatic juice, and under these circumstances the pancreatic 
‘. 


juice was secreted at a pH of 7.3 to 7.6 and later rose to the conventional 8.4 after ex- 


posure to air. 











EXPERIMENTAL EVALUATION OF OPERATIVE CHOLANGIOG- 
RAPHY IN RELATION TO CALCULUS SIZE 


J. D. AsHmorgE, M.D., J. J. KANE, M.D., Harowp S. Pertit, M.D., AND 
Henry W. Mayo, Jr., M.D., CHar.eston, S. C. 


(From the Departments of Surgery and Radiology, Medical College of South Carolina) 


HE problem of residual stones after operations upon the biliary system is 

one of the most serious confronting abdominal surgeons today. Generally 
it is agreed that digital and instrumental exploration of the common bile duct, 
even in the most experienced hands, is not entirely satisfactory and that calculi 
will be missed in a significant percentage of cases.* * 14 15 

After reports of accidental visualization of the biliary system following reflux 
of a barium meal,’ and subsequent visualization of the ductal system by introduc- 
tion of various radiopaque media into external biliary fistulas,* * ® % 7% 7% 79 
cholangiography evolved into its present status as a valuable adjunct in 
biliary tract explorations. Since the inclusion of cholangiography as part of 
the operative procedure by Mirizzi in 1931,'* its clinical usefulness has been 
proved,® 1% 14,1215 At first, cholangiography was used in conjunction with 
surgical exploration. Recently, omission of instrumental exploration if nega- 
tive cholangiograms are obtained by introduction of dye through the cystic 
duct has been a common practice in those cases failing to exhibit definite 
indications for instrumental exploration. The possibility of not visualizing 
small stones by this method is recognized.” 1° 

No reference could be found that afforded a clear evaluation of this prob- 
lem, since most studies have been of a clinical nature. Sweek and Associates!’ 
placed small stones in undilated canine ducts and these were visualized easily 
using Lipiodol. The small diameter of the ducts invalidates comparison with 
human patients who usually have ductal dilatation associated with choledocho- 
lithiasis. Bengolea’s group? placed 4 stones the ‘‘size of a shot’’ in common 
ducts of cadavers and made 2 cholangiograms with Lipiodol. One stone was 
seen on the first film and 2 stones on the other. 

In order to assess the magnitude of the radiographic error in cholangiog- 
raphy, the following experimental studies were made. 


METHODS 


Mongrel dogs weighing from 14 to 17 Kg. were anesthetized and the abdominal cavity 
of each entered through an upper midline incision. The common duct was identified at its 
junction with the duodenum and ligated. After a two-week waiting period the abdomen was 
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again opened under anesthesia. A cholecystectomy was done, leaving a long cystic duct stump 
into which a No. 18 polyethylene catheter was fixed with a suture. The common duct in each 
animal measured approximately 10 mm. in diameter. The common bile duct was divided just 
proximal to the previously placed ligature. 

Radiolucent gallstones from human patients were selected and separated into 5 groups 
according to their greatest diameter. Stones of the various sizes and in differing quantities 
were placed in the open end of the common duct which was closed with a slip ligature. After 
introduction of dye through the cystic duct, radiographs were made using a standard x-ray 
with the following factors: 76 kilovolt peak, 200 milliamperes, and a one-fourth second ex- 
posure at a 40-inch distance, A Bucky grid was used. 





Fig. 1A4.—Three cubic centimeters of 35 per cent Diodrast. Undilated ducts. Two 2 mm. 
stones visualized. 


After each film the slip ligature was removed and the biliary system cleansed of stones 
manually and of dye by irrigation with saline solution. More stones were then introduced and 
the procedure repeated. Eight animals were used and 4 to 8 cholangiograms, using different 
stones and varying concentrations of dye, were made of each for a total of 48 films. The 
films were interpreted by radiologists who were unaware of the number or size of stones. 
Their interpretation was compared with the recorded actual number of stones. A similar 
procedure was carried out in 2 normal dogs, the ducts of which had not been previously ligated. 


RESULTS 


The results in animals with dilated ducts are shown in Table I. Stones of 
6 and 8 mm. diameter were easily seen on the films with all concentrations of 
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dye. The incidence of visualization progressively decreased with decreased 
ealeulus size. The more dilute solutions afforded a slightly better percentage 
of visualization (Fig. 1). However, films attempted with more dilute solutions 
than 1714 per cent Diodrast or 1214 per cent Neo-lopax failed to give enough 
definition for satisfactory interpretation. Accuracy of visualization of the 
smaller two sizes of stones is low by any method. Small stones placed in an 
undilated duct were seen readily since the duct capacity was lessened in rela- 
tion to caleulus size. Air bubbles were misinterpreted as stones in 2 instances. 





Fig. 1B.—Ten cubic centimeters of 35 per cent Diodrast. Two 2 mm. stones. None visualized. 


DISCUSSION 

The patient who suffers from cholelithiasis is likely to be obese. Such 
obesity may cause extreme technical difficulty as regards operative cholangiog- 
raphy in obtaining satisfactory films. Such difficulties were minimized in the 
experimental work here reported, since the abdominal walls of the animals 
used were quite thin. Even so, it was impossible to visualize many of the 
smaller (2 and 3 mm. diameter) stones by any technique. Such errors pre- 
sumably would be magnified many times in the obese patient. 
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The fact that the common duct was ligated distally actually enhances the 
radiographic technique due to better filling.1* Some of the smaller stones 
placed in the common duct migrated to the smaller hepatic radicles. Since the 
relationship of the diameter of the stone to the diameter of the duct is the 
critical factor, visualization of the stones in the smaller radicles is made easier. 
No attempt was made to fix the stones in the common duct since an analogy to 
actual operative cholangiography was desired. 


ee i las 


a 





Two 2 mm. stones. One stone 


Fig. 10.—Ten cubic centimeters of 17% per cent Diodrast. 
visualized. 

The more dilute dyes afforded better visualization due to the greater 
density of the concentrated dyes obscuring the filling defects produced by the 
small stones. Further studies concerned with dye dilution and viscosity seem 
to be indicated. 

There is no question that operative cholangiography is a valuable adjunet 
to surgery of the biliary system and the results of this study should not be 
interpreted as a condemnation of such a procedure. However, the results do 
afford a more quantitative assessment of the inherent inaccuracy of such a 
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method, thus perhaps allowing a wiser application of its clinical usefulness. It 
appears that the use of cholangiography as a substitute for instrumental ex- 
ploration and irrigation of the common bile duct is of doubtful value. Cer- 
tainly, negative or normal cholangiograms should be accepted with some mis- 


givings. 


TABLE I. ACCURACY OF VISUALIZATION BY RADIOLOGISTS OF STONES PLACED IN DILATED Ducts 
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SUMMARY 


An experimental study is deseribed in which cholangiograms were made 
using groups of radiolucent gallstones, ranging from 2 to 8 mm. in diameter, 
which were placed in obstructed and dilated canine common bile ducts. Various 
dilutions of contrast media were employed. A similar study was carried out 
using animals with normal ducts. The stones of smaller size were visualized 
infrequently in the dilated ducts, even with the more dilute solutions of dye, 
which appeared to be more efficient from a radiographic point of view. The pos- 
sible clinical implications of the results of this study are discussed. 
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EXPERIMENTAL STUDIES ON ULCER FORMATION IN 
ANTIPERISTALTIC SEGMENTS OF SMALL INTESTINE 
ANASTOMOSED TO THE ESOPHAGUS 


S. Frank Repo, M.D., Aanp WituiAm A. Barnes, M.D., New York, N. Y. 


(From the Department of Surgery, Cornell University Medical College and the 
New York Hospital) 


N A previous paper,? a method for the surgical treatment of certain lesions 

near the esophagogastrie junction was described. In this operation a por- 
tion of the distal esophagus and the proximal stomach is excised. The re- 
maining stomach is closed. The jejunum is divided approximately 20 em. 
from the ligament of Treitz and the distal stoma is anastomosed in end-to-end 
fashion to the esophagus. The segment of proximal jejunum is anastomosed in 
end-to-side fashion to the jejunum 40 to 50 em. below the esophagojejunostomy 
(Fig. 1). Following this procedure food does not pass through the stomach. 
A similar method was reported by Allison,’ and both are modifications of 
earlier procedures reviewed by Yudin.’? 

We have reported on the morphologic and physiologic changes that oe- 
eurred in 17 dogs subjected to this procedure... The remnant of stomach ap- 
peared relatively unaltered both grossly and microscopically for as long as 
two hundred twenty days after operation. The secretion of acid and pep- 
sin was comparable to that of an otherwise normal stomach to which the vagi 
had been severed. Except for minute erosions in the esophagus of one dog, 
esophagitis did not develop. Yet the animals lost weight following this proce- 
dure, due in part possibly to nonuse of the gastric food reservoir. 

In 1946, Reinhoff® described 3 cases in which an antiperistaltic limb of 
jejunum was used in performing an esophagojejunostomy (Fig. 16). He stated 
‘‘neristalsis does not interfere with the satisfactory function of this loop.’’ 
All 3 patients survived and were reported as having done well. Robertson 
and Sarjeant” also utilized this procedure. 

In none of the above operations is the stomach in direct continuity with 
the intestinal tract. The desirability of maintaining such gastrointestinal con- 
tinuity has been stressed by many investigators. It seemed possible that the 
method of Reinhoff, modified so that the efferent or distal segment of jejunum 
was anastomosed to the stomach rather than to the antiperistaltic segment of 
jejunum, might provide a means of maintaining the stomach in direct continu- 
ity with the intestinal tract and also perhaps avoid regurgitation of gastric 
contents into the esophagus (Fig. 2). 
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Experiments in dogs were carried out to evaluate this procedure. It was 
soon found that following this operation all dogs died within three weeks. 
In every animal the site of esophagojejunal anastomosis failed to heal, and 
in most of those that survived more than four days’ perforation of an ulcer 
on the jejunal side of the anastomosis was the cause of death (Fig. 3). 

The following experiments were undertaken in an attempt to determine 
the pathogenesis of these findings. Consideration was given to the role of 
(a) gastric juice, (b) bile and pancreatic secretions, (¢) a combination of these 
fluids, and (d) antiperistalsis. 


\ 

‘ 

(isoperistaltic). The esophagogastric junction 
isoperistaltic limb of small in- 
the jejunum ap- 


Fig. 1.—Diagram of esophagojejunostomy 
is resected and esophagojejunostomy is performed with an 
testine. The proximal jejunum is anastomosed in end-to-side fashion to 
proximately 40 cm. distal to the esophagojejunostomy. 


MATERIAL AND METHODS 


Mongrel dogs weighing from 10 to 30 kg. were operated upon under intravenous 
pentobarbital sodium anesthesia. An abdominal midline or left subcostal incision was 
used in most cases, although later a left thoracotomy was favored. Oxygen was admin- 
istered through an endotracheal tube, and the pressure was maintained at approximately 
25 em. of water while the pleura was open. The incision was closed in layers using cot- 
ton sutures. 

During operation the dogs received an infusion of 500 ¢.c. of 5 per cent glucose in 
water to which was added 250 or 500 mg. of Terramycin or Aureomycin. A few animals 
were given penicillin (400,000 units) and dihydrostreptomycin (0.5 Gm.) intramuscularly 
on the first and second postoperative days. Most of the dogs were allowed water by 
mouth on the first postoperative day. By the third day milk was added. A full kennel 
diet was begun on the fourth or fifth day following operation. 

Post-mortem specimens of the various sites of anastomoses and segments of jejunum 
and esophagus were fixed in 10 per cent formalin and stained in solutions of hematoxlyn 
and eosin. 

Fifty-three dogs were prepared as follows: 

Group I—In 26 dogs the esophagogastric junction was resected and the stomach 
elosed. The jejunum was divided 20 em. from the ligament of Treitz (50 em. in 6 dogs) 
and the proximal end anastomosed to the esophagus forming an antiperistaltic limb of 
small intestine. The distal end was anastomosed to the stomach on the anterior surface 
near the greater curvature (Fig. 2). 

Group II.—Eleven dogs were prepared as in Group I but, in addition, the segment 
of duodenum containing the entrance of the common bile and pancreatic ducts was trans 





Fig. 3. 


Fig. 2.—Diagram of esophagojejunostomy (Group I) with long antiperistaltic limb 
(shaded) into which gastric juice, bile, and pancreatic secretions enter. The distal jejunum 
is anastomosed to the stomach, thus maintaining the latter in direct continuity with the 
intestinal tract. 


Fig. 3.—Specimen removed from dcg of Group I after operation shown in Fig. 2. The 
perforated ulcer on the jejunal side of the unhealed esophagojejunostomy is evident. 
Fig. 4.—Site of esophagojejunal anastomosis from dog of Group I 9 days after opera- 


tion. The site of esophagojejunal anastomosis is unhealed. There is linear esophagitis and 
punctate areas of jejunitis are seen. 
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planted into the isoperistaltic limb of jejunum, 40 em. below the gastrojejunostomy. The 
duodenum distal to the resected segment was anastomosed to the pylorus (Fig. 7). Because 
of the magnitude of this operation, it was done usually in two stages. In the first 
the duodenal segment was transplanted and the gastrojejunostomy made. The second stage 
consisted of dismantling the gastrojejunostomy and creating the esophagojejunostomy us- 
ing the proximal jejunal segment (antiperistaltic limb). Three animals died before the 
second stage could be performed. 

Group III.—In 11 dogs a total gastrectomy was done. In 4 dogs with a total gas- 
trectomy, the jejunum was divided 20 em. from ligament of Treitz. The proximal end was 
anastomosed to the esophagus and the distal segment was anastomosed to the duodenum 
(Fig. 10). 

In 7 dogs the duodenal stump was closed. The jejunum was divided 20 em. from the 
ligament of Treitz and the proximal stoma anastomosed to the esophagus in end-to-end 
fashion. The distal jejunum was anastomosed end-to-end side to the jejunum 10 em. be 
low the esophagojejunostomy (Fig. 13). 

Group IV.—In 5 dogs the esophagogastric junction was resected and the stomach closed. 
The jejunum was divided 20 em. from ligament of Treitz and the proximal segment was 
joined to the esophagus. The distal stoma was united to the jejunum just beyond the liga- 
ment of Treitz (Fig. 16). 


stage 


RESULTS 

All of the animals in Group I, IJ, and III vomited and regurgitated fre- 
quently. Their appetites were apparently unaffected since they would avidly 
gulp the food they were offered. However, immediately after eating, almost 
the entire meal was vomited. Regurgitation occurred throughout most of the 
day but was most marked after meals. These dogs gradually lost weight but 
diarrhea was not a prominent feature. 

Thus, the antiperistaltic limb of small intestine and the esophagus were 
frequently bathed by gastric juice and duodenal contents in the dogs in Group 
[, by gastric juice without bile and pancreatic secretions in Group II, and by 
duodenal contents without gastric juice in Group ITI. 

The results are summarized in Table I. 


TABLE I. EFrrect OF GASTRIC AND/OR DUODENAL CONTENTS ON AN ANTIPERISTALTIC LIMB OF 
SMALL INTESTINE ANASTOMOSED TO THE ESOPHAGUS 





ESOPHAGO- | 





NUMBER OF DOGS | 








SURVIVED, WITH | JEJUNAL ANTIPERISTALTIC | ESOPHAGUS 
4 PLUS | PERFORA- | ANASTOMO- LIMB OF SMALL (ESOPHAGI 
GROUP EFFECT OF | DAYS TION | SIS INTESTINE TIS ) 
I Gastric and duo- 12 9 Unhealed in Superficial ulecera- Mild in all 
denal contents on all tion and jejuni 
long limb* (26)¢ tis 
IV Gastric and duo- 3 0 Healed Normal Mild in one 


denal contents on 
short limbt (5) 


II Gastric secretions 4 0 Healed Mild jejunitis in Mild in all 
only (11) one 

III Duodenal contents 
only (11) 5 0 —_Healed _ __ Mild jejunitis Mild in all 





*Stomach, duodenum and segment of jejunum. 
+Segment of jejunum only. 
tTotal number of dogs operated upon in each group. 





Velome ” ULCERS IN ANTIPERISTALTIC SMALL INTESTINE 201 
Number 

Group I.—Fourteen of the 26 dogs with long antiperistaltie limbs of intes- 
tine died before the fourth postoperative day. Of the remaining 12 animals, 6 
died by the seventh day after operation. Five died before the end of the second 
week following surgery. The longest survival was 22 days. 


Fig. 5.—Photomicrograph of the site of esophagojejunal anastomosis shown in Fig. 4, 
demonstrating that only in the outer muscular layer is there evidence of healing. Compare 
with Fig. 6 (x7). 


Fig. 6.—Section through esophagojejunostomy in a patient with an antiperistaltic limb 
of small intestine who died eight days after operation. Although the muscle and _ serosal 
coats have adhered, the mucosal layers are not continuous. Compare with Fig. 5. (From 
Robertson and Sarjeant: J. Thoracic Surg. 20: 689, 1950). 


At autopsy the esophagojejunostomy was raw and unhealed in all dogs 
(Figs. 3 to 5). Considering only those animals that survived four or more 
days, 9 of 12 died as a result of perforation on the jejunal side of the esophago- 
jejunostomy. In one of the 3 that did not have a perforation near the suture 
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line the antiperistaltic limb was 50 em. long instead of the usual 20 em. How- 
ever, even in this dog, the site of esophagojejunal anastomosis was raw and 
unhealed. 

The remaining 2 dogs without perforation had unhealed, raw esophago- 


jejunal anastomoses, in one there was an ulcer (0.7 em. in diameter) on the 


jejunal side of the esophagojejunostomy. 





Fig. 7.—Diagram of esophagojejunostomy (Group II) with long antiperistaltic limb 
(shaded) into which gastric juice but not bile and pancreatic secretions enters. The distal 
jejunum is anastomosed to tne stomach. A segment of duodenum containing the entrance 
of the common bile and pancreatic ducts is resected and transplanted into the jejunum 40 
cm. distal to the gastrojejunostomy. 


In summary, all animals in this group that survived the immediate post- 
operative period died during the first three weeks after operation. All had 
raw, unhealed esophagojejunal anastomoses and 75 per cent had a frank per- 
foration near the anastomosis on the jejunal side. The gastrojejunal anastomo- 
sis was healed or healing in all cases without evidence of ulcer or perforation. 
Mild, linear esophagitis was noted in all of the animals. 

Group IT.—Three of the 11 dogs with duodenal transplants died before 
the fourth day after the first stage. Two dogs in which the entire procedure 
was done in one stage died during the first two postoperative days. Of the 6 
remaining in this group, 2 died before the fourth postoperative day. The 
remaining 4 survived four, seven, sixteen, and forty-five days, respectively. 
Unlike the animals of Group I, the dogs surviving the immediate postoperative 
period were found to have well-healed esophagojejunal anastomoses, and the 
gastrojejunal, gastroduodenal, and duodenojejunal anastomoses were also well 
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healed (Figs. 7 to 9). Despite the frequent vomiting, there was no evidence of 
duodenitis and only mild jejunitis was found in the antiperistaltic segment 
of one dog. There was no marginal ulceration at the gastrojejunostomy. 
There was slight esophagitis in all dogs. 
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Fig. 8.—Specimen removed from dog in Group II, forty-five days after operation shown in 


Fig. 7. Ail anastomoses are well healed. 


Group III,—Six of the 11 dogs died during the first three days following 
total gastrectomy. In 5 that survived seven, sixteen, twenty, twenty-four, 
and thirty-two days, respectively the esophagojejunal anastomosis was well 
healed (Figs. 10 to 15). The antiperistaltic limb of small intestine was slightly 
dilated and minimally reddened but there was no ulceration. The duodeno- 
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Fig. 9.—Photomicrograph of the site of esophagojejunal anastomosis shown in Fig. 8 
layers are firmly united (x25). 








Fig. 10..—Diagram of esophagojejunostomy (Group III) with long antiperistaltic limb 
(shaded) into which bile and pancreatic secretions but not gastric juice enter. Total gastrec- 
tomy is done. The duodenal stump is anastomosed to the distal jejunum. 
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jejunostomy in the animals prepared without duodenal closure and the jejuno- 
jejunostomy in dogs with duodenal closure were well healed. There was mild 
esophagitis in all dogs. 
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Fig. 11.—Specimen from dog of Group III removed twenty days after total gastrectomy as indi- 
cated in Fig. 10. All sites of anastomoses are well healed. There is mild esophagitis. 


Fig. 12.—Photomicrograph of site of esophagojejunostomy shown in Fig. 11. Healing is 
complete (X25). 


Group IV.—Among the 5 dogs with a short antiperistaltie limb of intestine, 
2 died in the first two postoperative days. The remaining 3 survived fifteen, 
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Fig. 13.—Diagram of esophagojejunostomy (Group III) with short antiperistaltic limb 
(shaded). This differs from the operation shown in Fig. 10 in that, following total gastrec- 
tomy, the duodenal stump is closed. The distal jejunum is anastomosed to the jejunum 10 
cm. below the esophagojejunostomy. 
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Fig. 14.—Specimen removed from dog of Group III thirty-two days after total gastrec- 
tomy as indicated in Fig. 13. All sites of anastomosis are well healed. There is mild 
esophagitis. 





ae y ULCERS IN ANTIPERISTALTIC SMALL INTESTINE 
Number 


Fig. 15.—Photomicrograph of site of esophagojejunostomy shown in Fig. 14. Healing is 
complete (8). 





a 


Fig. 16.—Diagram of esophagojejunostomy (Group IV) with short antiperistaltic limb 
(shaded). The distal jejunum is anastomosed to the antiperistaltic limb just beyond the liga- 
ment of Treitz. 
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thirty-six, and fifty-eight days, respectively. All anastomoses including the 
esophagojejunostomy were well healed (Fig. 17). In one dog there was slight 
linear esophagitis. Jejunitis was not noted. 


DISCUSSION 
At least two factors are to be considered in interpreting the results ob- 
tained: (1) contents of the antiperistaltic segment (gastric juice, bile and 
Ss dB e 
pancreatic secretions or a combination of these), and (2) antiperistalsis. 


Fig. 17.—Photomicrograph of site of esophagojejunostomy thirty-six days after operation 
in dog of Group IV with short antiperistaltic limb. There is complete healing of the 
muscle, but the mucosa of the esophagus is absent in areas (X20). 

Concerning the first factor, it is commonly believed that when gastric 
juice is mixed with duodenal contents the combination is less likely to pro- 
duce pathologie changes than gastric juice alone.t In other experiments,’ 
the addition of bile and pancreatic secretions to gastric juice prevented the 
occurrence of severe esophagitis with ulcer formation that resulted from the 
contact of unaltered gastric juice with the canine esophagus. Similarly, what 
success gastrojejunostomy may enjoy in the treatment of peptic ulcer has been 
attributed in large part to the alteration of gastric juice by the duodenal con- 
tents. Yet despite the fact that following this operation the stoma is bathed 
almost continuously with duodenal contents, marginal ulcers frequently occur. 

In the present studies when both gastric and duodenal contents entered 
a long antiperistaltic segment of small intestine anastomosed to the esophagus, 
there was failure of the suture line to heal. Penetrating ulcers were found in 
the antiperistaltic limb of jejunum in 9 of 12 dogs that survived more than 


four days. 
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As indicated above it might be expected that when gastric secretions 
unmixed with duodenal contents bathe the antiperistaltic segment of small 
intestine and the site of esophagojejunostomy, even more severe damage 
might result than with the combination of gastric and duodenal contents. 
However, such was not the ease. The esophagojejunal anastomosis healed well 
and no ulceration was noted in the antiperistaltic segment of small intestine. 

One possible, though unlikely, factor in the failure of gastrie juice alone 
to produce the changes in the antiperistaltic limb that resulted from the com- 
bination cf gastric and duodenal contents may have been the division of the 
duodenum incidental to the transplantation of the duodenal segment in dogs 
of Group II. By this division at the pylorus some of the peristaltic ‘‘thrust’”’ 
may have been lost, with the result that gastric juice did not enter the anti- 
peristaltic segment as it did in dogs of Group I. 

Less surprising was the finding that when bile and panecreatice secretions 
without gastric contents bathed the antiperistaltic segment, the esophago- 
jejunostomy and other anastomoses healed well and there were no uleers. 
Bile and pancreatic secretions produce but slight changes in the mucosa of 
the esophagus.* 4 

The reasons for these differences in the effects of gastric juice and/or 
bile and pancreatic secretions in these experiments are not evident. 

Interpretations of the findings concerning the second factor, antiperistal- 
sis, are more readily made. 

Robertson and Sarjeant'® utilized the antiperistaltic limb method of 
Reinhoff in humans but ‘‘abandoned it reluctantly as the importance of the 
direction of peristalsis became evident.’’ In 1950 these authors reported 6 
eases of reconstruction of the esophagus utilizing jejunal segments. Three 
patients had isoperistaltic jejunal anastomoses. All survived the operation 
but one died of bronchopneumonia two months later. At autopsy the esophago- 
jejunostomy was noted to be well healed. 

In the other 3 eases an antiperistaltie segment of jejunum was used and 
death resulted in each instance. One died three days after operation with 
gangrene of the jejunal tube. 

The second patient vomited continuously from the second postoperative 
day, developed a fistula at the site of esophagojejunostomy, was subjected 
to a second operation (jejunojejunostomy) in the fourth week and died a few 
days later. The jejunal tube was viable at autopsy but a fistula, 0.5 em. in 
diameter, was present in the neck. 

The third patient died on the eighth postoperative day with acute dilata- 
tion of the stomach, duodenum, and transplanted jejunum. At autopsy the 
site of the jejunojejunostomy was well healed but ‘‘the esophagojejunostomy 
though intact was not safely healed. For, although the esophageal muscle 
and jejunal peritoneum had adhered, the mucosal layers were not continuous.”’ 
(Fig. 6.) Hence, some pathologic change associated with the antiperistaltic 
segment was apparently responsible for failure of the operation. 

Of interest regarding the effects of antiperistalsis are the recent studies 
of Hammer and associates*® ®° who have shown that chronic ulcers can be pro- 








210 REDO AND BARNES Sunes 
duced in the jejunum of dogs by reversing the duodenum. They failed t 
confirm Mall’s’ findings that reversing a segment of intestine in dogs was 
fatal. 

Singleton and Rowe’! reversed long and short segments of small intestine 
in dogs and reported that when the reversed segment was 24 inches or longer, 
the animals died in less than five days. With shorter segments the animals 
survived to three months. The bowel proximal to the reversed segment was 


dilated. 








ISOPERISTALTIC ANTIPERISTALTIC LIMB— 
SHORT 


ANTIPERISTALTIC LIMB— 
LONG 


Fig. 18.—Diagram illustrating esophagojejunostomy with isoperistaltic limb of jejunum 


and with long and short antiperistaltic limbs. The nearer the jejunojejunostomy is placed 
to the esophagojejunostomy the more nearly is the isoperistaltic condition achieved. 


In our experiments the dogs prepared with a short antiperistaltic segment 
of jejunum anastomosed to the esophagus, after the method of Reinhoff 
(Group IV), all showed good healing at the esophagojejunostomy as well as 
at the jejunojejunostomy, in contrast to the uniform failure to heal at the 
esophagojejunostomy and frequent uleer formation in the long antiperistaltic 
segment of dogs of Group I. An explanation may be based on consideration 
of the length of the antiperistaltic segment, i.e., the distance from the esophago- 
jejunostomy at which the jejunojejunostomy is performed. The closer the 
jejunojejunostomy is to the esophagojejunostomy the less likely will poor 
healing and ulceration occur because the more nearly isoperistaltic-in-toto will 
the preparation be, and the more nearly will it approximate the operation of 
esophagojejunostomy and jejunojejunostomy using an isoperistaltic limb* 
(Fig. 18). 

The further removed the jejunojeunostomy is from the esophagojejunos- 
tomy, the more likely it is that regurgitation, aided by the antiperistaltic 
thrust, will occur across the line of anastomosis. The distance from the 
esophagojejunostomy at which the jejunojejunostomy was performed in Rein- 
hoff’s and in Robertson and Sarjeant’s cases is not mentioned. 
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Our findings suggest that while antiperistalsis may not be the sole factor 
leading to ulcer formation or death, it plays a most significant role. 

Although the anastomoses in the dogs prepared after the method of Rein- 
hoff with a short antiperistaltic limb went on to good healing, the clinical ex- 
perience of Robertson and Sarjeant, in addition to the results in the dogs of 
Group I, leads to the conclusion that antiperistaltic limb of small intestine, in 
which gastric and duodenal contents may pass, should not be used to re-estab- 
lish the continuity of the intestinal tract following resection of the esophago- 
gastric junction. 

SUMMARY 


After resection of the esophagogastrie junction, antiperistaltie limbs of 
small intestine were anastomosed to the esophagus in dogs so that the esopha- 
gus was bathed in some with a combination of gastric juice, bile, and pan- 
ereatiec secretions (Group I), in others with gastric juice alone (Group II), 
and in still others with bile and pancreatic secretions only (Group III). In 
other dogs (Group IV) the antiperistaltic limb of jejunum was short and 
regurgitation into the esophagus was minimal or did not oceur. 

In all dogs of Group I the anastomosis between the esophagus and the 
antiperistaltie limb of jejunum failed to heal, and ulcers occurred in the 
jejunum near the anastomosis in almost all animals. Mild esophagitis devel- 


oped in all. 
Among the animals of Groups II, III, and IV all anastomoses healed well 


and no ulcers developed. Mild esophagitis was present in dogs. of Groups II 


and ITI. 
CONCLUSION 


Antiperistaltic limbs of small intestine through which gastrie and duo- 
denal contents may pass should not be used to re-establish the continuity of 
the intestinal tract following resection of the esophagogastrie junction. 
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FURTHER OBSERVATIONS ON THE RETURN OF SECRETORY 
FUNCTION FOLLOWING GASTRIC MUCOSAL STRIPPING 
IN THE DOG 


Harvey N. Lippman, M.D., Davin B. SHeLpon, M.D., ANp WiLiiaAmM P. LONG 
MIRE, JR., M.D., Los ANGELES, CALIF. 


(Department of Surgery, University of California Medical Center) 


F \penenngoner of the secretory physiology of the stomach by means of a 
direct attack on the mucous membrane is a concept which has been under 
investigation in this laboratory since 1951.% 7 

Howes,‘ in 1949, reported a differential response to injury of the various 
cell types which make up the gastric mucosa of rats. Pepsin-producing serous 
cells and acid-producing parietal cells were observed to be more susceptible 
to ischemia in the presence of hydrochloric acid than the basophilic mueus- 
secreting chief cells. The regeneration of a predominantly mucus-seereting 
epithelium was noted to follow such an injury. A relative gastrie hypo- 
chlorhydria was exhibited by these animals one month after operation. How- 
ever, after one year, they were again secreting gastric juice in response to 
histamine with a pH of 1.5 to 2.5. Cade* and Harvey® had observed previously 
a similar mueus transformation of the gastric epithelial cells of dogs adjacent 
to the stoma of a gastroenterostomy. This change was also noted to be 
reversible, and the normal histologic structure appeared to be re-established 
after six and one-half months. These observations would suggest that mucus 
transformation is a nonspecific reaction to injury of the gastric mucosa and 
represents a regression to the basic cell type, followed by a slow, but persist- 
ent, differentiation of the more specialized cells of the tissue. 

In 1952, Longmire and associates’ presented the results of some pre- 
liminary studies on the regeneration of the gastric mucosa in the experimental 
animal. They showed that apparently complete regeneration of the gastric 
mucous membrane of the dog occurred when the membrane was stripped off 
at a level superficial to the muscularis mucosae, but that when the level of 
stripping was deeper, leaving no residual glandular elements, contraction, 
granulation, and searification oceurred. 

The present report is based upon a continuation of this project, and 
describes semiquantitative observations on the gastric juice of dogs during 
the regenerative phase after extensive, but not full-thickness, mechanical in- 
jury to the gastric mucous membrane. Accepting the premise that chief and 
parietal cells differentiate from a common stem cell during the regeneration 
of gastric mucosa, an attempt has been made to influence the proportion of 


This work was aided by United States Public Health Service Grant-in-aid A-285. 
5 Read at the meeting of the Society of University Surgeons, Indianapolis, Ind., Feb 9-11, 
1966 
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these various adult cell types in the healed gastric mucosa by performing 
vagotomy or antrectomy at the time of mucosal stripping. The results of 
these experiments will be presented. 


METHOD 


Nineteen healthy adult mongrel dogs, weighing between 15 and 25 kg., were utilized 
for this study. All dogs were operated upon under Pentothal or Pentothal and ether 
anesthesia. 

Group 1.—Five dogs which survived gastric mucosal stripping for from sixteen to 
twenty-four months are included in this group. In these dogs the stomach was exposed through 
a longitudinal midline incision. A long gastrostomy incision was made 2 em, from and parallel 
to the greater curvature. Approximately 90 per cent of the mucosal layer was then stripped 
from the stomach. The tissue plane between mucosa and submucosa was developed by 
sharp and blunt dissection. Often mucosal sheets could be removed by wiping with a dry 
sponge or scraping with a scalpel blade. In other areas, sharp dissection was necessary. 
Bleeding was controlled by pressure and, when necessary, transfusions were utilized. <A 
stainless steel cannula was inserted through the anterior gastric and abdominal wall for 
subsequent sampling of gastric juice. The long gastrostomy wound was then sutured in 
two layers and the abdomen was closed. Fluids were replaced parenterally and prophylactic 
chemotherapy was administered in the immediate postoperative period. Graduated feed- 
ing was begun seventy-two hours postoperatively progressing to a full diet by the end of 
seven to ten days. Two to four weeks later, sampling and analysis of the gastric juice was 
begun and continued in each dog at weekly intervals for as long as twenty-four months. 
The dogs were fasted for twelve hours prior to testing. After being placed in a Pavlov 
frame, one milligram of histamine was injected subcutaneously, and the volume of gastric 
juice recovered via the cannula during the next thirty minutes was recorded. The juice was 
then centrifuged and the gross proportion of mucus determined. The supernatant juice was 
analyzed for pH, free acid, and pepsin content.* Examinations and biopsies through the 
gastroscope, as well as operative biopsies, were performed at appropriate intervals. 

Group 2.—Five dogs were prepared as controls by inserting metal gastrostomy cannulas. 
Weekly histamine gastric analyses were carried out for periods of eight to twelve months. 

Group 3.—Four dogs were prepared by gastric mucosal stripping and cannula gastrostomy 
as previously described. Two weeks later, complete transthoracic vagotomy was performed, 
care being taken to insure complete division of all vagal fibers just above the diaphragm. 
Weekly histamine gastric analyses were performed. These dogs survived from eight to six- 
teen months and were the source of the data in this group. 

Group 4.—Three dogs were prepared as vagotomy controls by inserting a gastrostomy 
cannula and performing a transthoracic vagotomy. Gastric analyses were performed as de- 
scribed in the other groups. 

Group 5.—Two dogs were subjected to antrectomy. One month later, the mucosa of the 
remaining stomach was stripped, and a stainless steel gastrostomy cannula inserted. 
Histamine gastric analyses were performed each week thereafter. 

The normal biologic variation of the factors measured is known to be great, and by 
foree of necessity the number of dogs in each series and the number of controls is small. 
Scattergrams constructed from the available data, however, indicate definite trends. For 
clarity of presentation, the mean was determined from all data for a given postoperative 
month of all dogs in each category. Curves were then constructed from these average 
values. Thus, for example, each point on the curve describing the pH change following 
gastric mucosal stripping represents the average of about 20 separate pH determinations 
on 5 different dogs. It is not intended that these curves so constructed should represent 
more than semiquantitative indications of the changes occurring in the gastric secretory 
physiology after extensive superficial injury to the gastric mucous membrane. 





_ *pH was determined by using a Beckman glass electrode pH meter, free acid by titrating 
against 0.1 N. NaOH, and pepsin by the hemoglobin hydrolysis method of Anson and Mirsky. 












; Fig. 1.—Section of wall of dog’s stomach immediately after mucosal stripping demonstrat- 
ing residual glandular elements superficial to muscularis mucosae. (After Longmire and 
associates, SURGERY 32: 384, 1952.) 














Fig. 2.—Section showing microscopic appearance of wall of stomach of dog two weeks 
after mucosal stripping. Note dipping down of surface epithelium and early glandular forma- 
tion. (After Longmire and associates, SURGERY 32: 384, 1952.) 
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RESULTS 


Stripping of approximately 90 per cent of the gastric mucous membrane 
was accomplished relatively easily in the dog. The mucosa was found to be 
particularly adherent along the lesser curvature and pyloric antrum. In most 
cases a patchy, fine, velvety residue remained lining the stomach after 
stripping. Microscopic examination of this demonstrated a thin layer of 
residual glandular elements remaining in the bases of the foveolae (Fig. 1). 
The plane of separation passed superficial to the muscularis mucosae. 


pg A og 
and associates, SURGERY 32: 384, 1952. 

Four days after stripping, gastroscopic examination revealed the opera- 
tive area to be bright red, glistening, and quite friable. Biopsy of this area 
revealed some regeneration in what appeared to be a pre-existing, injured 
glandular pattern. Very bizarre cells, frequent mitoses, and a liberal piling up 
of epithelium were noted. On the tenth postoperative day, the gross appear- 
ance gastroscopically was not greatly altered. Granulation tissue predomi- 
nated. A nonspecific inflammatory reaction and an occasional patch of re- 
generating mucosal cells were seen. By the end of the second week after 
stripping, microscopic examination showed extensive regeneration and early 
glandular formation (Fig. 2). On the twenty-first postoperative day, the 
gross appearance of the mucosa was almost normal except for lack of folds. 
Microscopie examination of the biopsy suggested normal mucous membrane. 
At the end of eleven weeks, the gastroscopic and microscopic picture could 
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not be differentiated from that of the normal stomach. At frequent intervals, 
from three to twenty-four months after operation, gastroscopic, surgical, and 
eventually post-mortem examinations of these stomachs revealed an appar- 
ently complete regeneration of the mucous membrane. Some irregularity in 
the pattern of mucosal folds was usually seen. Microscopically, a moderate 
irregularity of the mucosal glandular pattern was noted, but a grossly normal 
distribution and variety of cells were observed. Parietal cells were abundant. 
Regeneration was suggested in some areas by the apparent youth of the cells 
was essentially normal (Fig. 3). It is of interest that searification was not 
observed except along the line of the healed gastrostomy wound. 

Gastric Analysis.—The average volume of gastric juice recovered via the 
gastrostomy cannula in the thirty minutes following histamine injection was 
markedly depressed immediately following gastrie mucosal stripping (Fig. 4). 
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Months After Gastric Mucosal Stripping 


Fig. 4. 


There was then observed a steady rise in the volume of juice recovered for 
approximately eight postoperative months at which time the stripped stomachs 
were delivering about two-thirds the amount of juice obtained from the con- 
trol animals. For the next twelve months, there did not appear to be any 
further significant change in the volume of juice obtained. 

One month after stripping, the gross proportion of mucus in the gastric 
juice was about 40 per cent (Fig. 5). This proportion decreased steadily to 
a value of about 10 per cent after eight months and reached a constant value 
of approximately 8 per cent one year after operation. Contro] animals 
secreted gastric juice containing an average of 4 per cent mucus. 

The pH of the centrifuged gastric juice from the stripped animals aver- 
aged 6.0 one month after operation (Fig. 6). A rapid fall was observed to a 
pH of 3.0 three months after stripping, then a steady but slower fall until the 
equilibrium pH of 1.8 was reached approximately twelve months after strip- 
ping. The control animals exhibited an average pH of 1.4. 
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The free acid content of the centrifuged gastric juice from the stripped 
animals rose steadily from undetectable levels one month after stripping to 
stable values of about 60 meq. per liter ten to twelve months after stripping 
(Fig. 7). This was about three-quarters of the free acid concentration found 
in the gastrie juice of the control group. 

The pepsin concentration of the gastric juice of the stripped animals rose 
from low levels immediately postoperatively to equal the level of the control 
animals in the space of about twelve months (Fig. 8). There appeared to be 
a continued tendency for the pepsin concentration of the stripped animals to 
increase beyond the control values. Individual variation, however, makes this 
observation of questionable significance. 
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Fig. 9. 


In those animals who were subjected to vagotomy as well as gastric 
mucosal stripping, the patterns followed by the return of gastric juice volume, 
pH, free acid, and pepsin concentrations were similar to those shown by the 
dogs who had had gastrie mucosal stripping alone. The predictable additional 
effect of vagotomy was observed. The equilibrium volume of gastric juice in 
the stripped and vagotomized dogs was about one-half the volume eventually 
produced by the stripped dogs who had not been vagotomized (Fig. 9). The 
pH fell somewhat slower and to a level of only 2.9 at equilibrium (Fig. 10). 
The free acid concentration showed an additional distinet depression from 
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uly, 1956 
that produced by the stripped stomach without vagotomy (Fig. 11). Similarly, 
the pepsin concentration rose to only about one-half the level reached by th 
stripped stomachs alone (Fig. 12). The proportions of mucus in the gastric 
juice of the vagotomized dogs were too erratic to lend themselves to any 
analytic treatment. 
The data from the antrectomized and stripped animals are incomplete but. 
in general, indicate gastric secretory trends grossly similar to those observed 
in the vagotomized and stripped group. 


DISCUSSION 


A direct attack upon the gastric mucosa as an acid-pepsin-secreting mem- 
brane may be accomplished in one of three ways: (1) total excision, (2) re- 
placement by a nonacid secreting membrane, or (3) alteration of its component 
cells. This latter method is the subject of this paper. 

Total or full-thickness excision of the mucosa and submucosa of the dog’s 
stomach results in marked contracture, granulation, and searification with 
early death of the animal from what might best be described as gastric ob- 
struction.’ 

Replacement of the gastric mucosa by a nonacid secreting membrane has 
been the subject of a previous communication from this laboratory. Lippman 
and Longmire® showed that it was possible to transplant suecessfully free 
jejunal mucosa-submucosal autografts to the mucosa-stripped stomach. Sub- 
sequently, they have transplanted split-thickness skin grafts as well to the 
mueosa-stripped stomach. The area of gastric mucous membrane thus replaced 
has been relatively small, and no gross change in the secretory physiology of 
the stomach has been observed. 

During the many investigations of the past century directed toward alter- 
ing the acid-pepsin-seereting function of the gastric mucosa, the distinction 
between gastric erosion and ulceration has become clear. According to Ivy, 
Grossman, and Bachrach,’ as well as Bockus,' it is the depth of the lesion 
which is important, not its extent. If a lesion does not penetrate the entire 
thickness of the mucous membrane and the muscularis mucosae is intact, it is 
an erosion and will heal by epithelial proliferation without sear formation. 
If the lesion does penetrate the muscularis mucosae, it is of uleer depth and 
will heal by granulation, fibroplasia, and cicatrization. 

These principles have been demonstrated again in this study. Dogs whose 
entire gastric mucosa and submucosa were removed exhibited marked con- 
tracture, granulation and searification of the stomach and uniformly died. 
However, in those dogs in which the plane of stripping of the gastrie mucosa 
was at such a level as to leave remnants of the bases of the gastric mucosal 
glands, regeneration of an essentially normal-appearing gastric mucosa in three 
to eleven weeks was noted. In effect, mucosal stripping in the dog by this 
technique consists of making an extensive erosion of the mucous membrane. 
Regeneration from residual glandular elements is rapid, and the number, 
distribution, and types of regenerated cells appear to be quite normal. How- 
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ever, the secretory function of the stomach in response to histamine as demon- 
strated by measuring volume of juice, proportion of mucus, pH, free acid 
concentration and pepsin concentration exhibits a marked lag in returning 
toward normal. Indeed, there appears to be some permanent depression in 
the volume of juice secreted and free acid concentration produced by 90 per 
cent gastric mucosal stripping. Eight to twelve months are required before 
equilibrium seems to be established in the physiologic regenerative process. 
When vagotomy is added to the gastric mucosal stripping procedure, even 
further depression of the various physiologic functions of gastrie mucosa is 
observed. However, the rate with which return of function proceeds does not 
seem to be significantly altered. Although the ultimate secretory level may be 
changed, there is no evidence at present that vagotomy or antrectomy changes 
the essential nature of the regenerative process. 

It is of some interest to note that the pepsin-producing function of the 
stomach seems to return sooner and more completely than the acid-producing 
function. Although there did not appear to be any direct correlation between 
the histologically observable regeneration of the constituent cell types of the 
mucosa and its return of secretory function, careful differential counts of the 
cells of the gastric mucosa during regeneration are needed to document this 
observation. 

SUMMARY 


Ninety per cent gastric mucosal stripping through a plane superficial to 
the muscularis mucosae in dogs has been employed to study the regeneration 
of this tissue and the return of its secretory function. Histologic and gross 
regeneration appears to be complete in three to eleven weeks. However, secre- 
tory function lags eight to twelve months before equilibrium is reached, and 
there appears to be some permanent depression in the volume of juice secreted 
and eoneentration of free acid produced. The addition of vagotomy or antrec- 
tomy to the stripping procedure does not alter the rate at which regeneration 
cecurs, although the ultimate secretory level is further depressed. The 
enzyme-producing function of this gastric mucosa appears to return sooner 
and more completely than the acid-producing function. 
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lvo2. 
DISCUSSION 


JOHN M. BEAL (New York, N. Y.).—We have been interested in this same problem 
in New York, and I think there are one or two things that are worthy of emphasis. One find 
ing in the original studies was that there was a very definite difference between the different 
species. The dog’s stomach, when stripped at the level that Dr. Sheldon has mentioned, leaves 
islands of mucosa that will regenerate. In both cats and man, however, when the same level 
of stripping is used, there is apparently no regeneration. The specimens that have been studied 
in man have come from the distal portion of the resected stomach so that the opportunity for 
regeneration has not had a chance to occur. However, this suggested that if this were to 
have clinical application, and I believe that the secretory studies that have been so beauti 
fully presented today give support to this view, that some other epithelial lining should be 
attempted in the stomach. Recently Longmire and Lippman reported the use of jejunal 
mucosa, and we have been studying the application of skin grafts to the interior of the 
stomach, using autogenous skin from the abdominal wall of the dogs that we have used. 

(Slide.) The stomach has just been stripped, which can be seen here, and this gives 
an idea of the appearance of a stripped stomach. Although there is some bleeding, as a 
rule it is not excessive. The stripped mucosa is lying at the side. The level of stripping, 
as Dr. Sheldon mentioned, is extremely important. The dog’s stomach can be stripped 
either at the level of the submucosa, or, if one isn’t careful, one can enter a plane that 
is.approximately at the level of the muscularis mucosae and this results often in penetration 
of the stomach wall, excessive bleeding and contraction of the stomach. 

The thin split-thickness grafts cover the majority of the stomach wall. These are 
held in place by anchor sutures at each angle of the graft; continuous suture of catgut is 
placed along each margin and then the graft is fashioned in accordion style, and fixed into 
place with interrupted catgut sutures through the body of the graft. 

The next slide shows a stomach from a dog that died the day following operation 
and gives some idea of the extent of grafting. This has left the antral mucosa in place 
in our animals, 

The next slide shows a specimen of the dog that died of pneumonia one month after 
operation and shows the skin graft intact. 

The next slide illustrates the point that we discovered in reference to the thickness 
of the graft. When the graft is cut thick, then epithelial cysts or inclusion cysts oceur; 
these may actually represent residual gastric glands. The next slide, however, will demon- 
strate the appearance where a thin 8/1000 of an inch, roughly, split-thickness graft was 
used. The next slide shows that the mucosa and skin will be adjacent in appropriate 
sections and suggests that remnant islands do not apparently persist beneath the placement 
of such a graft. 

[I believe this work is promising. It is a new avenue that has a potential reference 
to the treatment of peptic ulcer. I would like to congratulate the authors of the paper 


on an excellent paper that is well documented and well presented. Thank you. 










































MEGALOURETER: INVESTIGATION AS TO THE CAUSE AND REPORT 
ON THE RESULTS OF NEWER FORMS OF TREATMENT 


ORVAR SWENSON, M.D.,* JoHN HERBERT FsHeER, M.D.,** AND 
JEAN CENDRON, M.D., Boston, Mass. 


(From The Boston Floating Hospital for Infants and Children) 


EVERAL years ago we reported our experience with a group of patients 

with megaloureters to this society. Since then our experience has been 
extended and we now have a total of 60 patients with dilatation of one or both 
ureters. Examination of these patients has been as complete as possible, con- 
sisting of determination of residual volume of urine after voiding, cystograms, 
eystometrograms, voiding urethrograms, and cystoscopy with ureteral peristaltic 
studies? (Fig. 1). Thirty of the 60 have proved to have abnormal amounts of 
residual urine, large bladder capacities, high intravesical pressure and absent 
or meager detrusor contractions. While the ureters have been dilated and 
tortuous, peristaltic activity has been essentially normal. All these data indi- 
cate a defect in parasympathetic bladder innervation and pathologie studies of 
such bladders have supported the coneept of a congenital defect in parasym- 
pathetic innervation.* The beneficial results such patients have derived from 
bladder drainage has further substantiated the contention that these patients 
have defective bladders. Resection of the vesical neck has proved a permanent 
aid to these patients in conjunction with a program of having the child void 
frequently and using manual pressure to assure complete bladder emptying. 
Control of infection has also been an important feature of the treatment. On 
such a program the patients have improved and the favorable clinical course 
has been paralleled by a steady reduction in their hydronephrosis and hydro- 
ureters. Some of the patients have been followed for as long as seven years 
and have maintained their improvement (Fig. 2). 

Seven of the 60 patients proved to have a mechanical obstruction as the 
cause of urethral dilatation.’ Two had posterior urethral valves, one a con- 
genital stricture of the urethra, and one a complicated anomaly of the perineum. 
Four had unilateral ureteroceles. Seven megaloureters were associated with 
cord bladders and myelomeningocele. Fifteen patients had unilateral or bi- 
lateral megaloureters with defective or absent ureteral peristalsist (Fig. 3). 
Appropriate examinations revealed no mechanical obstruction at the uretero- 
vesical junction, the bladder neck, or the urethra. 
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Kig. 1.—A photograph of normal ureteral peristaltic tracing 
The average pressure developed 


twenty second intervals. 


megaloureter due to a 


A. 
patient four 


Fig. ?.—A, An intravenous urogram in a boy with bilateral 
parasympathetic defect of the bladder innervation. B, Urogram on the same 
bladder neck resection. 


vears after 
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Infection has been considered the cause of absent ureteral peristalsis. It 
does not invariably have this effect, for many patients with urinary tract in- 
fection have normal ureteral peristalsis. It is true that some of the patients 
with feeble peristalsis did have improvement after prolonged treatment of their 
infection. Such a course of events suggests that infection may have a part 
in dampening or diminishing ureteral peristalsis, but complete absence of 
activity, demonstrated by repeat studies, suggests a congenital malformation as 
the cause of the defect in function. It is not feasible to detect a neurogenic 
lesion in the ureter by simple histologic study for normally there are no ganglion 
cells present except a rare one in the distal end of the ureter. 

Regardless of the etiology of absent peristalsis, the defect in function leads 
to enlargement of the renal pelvis, and the resulting stasis is probably the 
cause of resistant urinary tract infection, Providing the infection is controlled, 
progression of the disease may be averted. In some patients control of infection 
has been impossible. One patient in this group with bilateral peristaltic defect 
in the ureters was treated with nephrostomy. After repeated attempts to eradi- 
cate the urinary tract infection, his disease progressed and he died with renal 
failure in spite of these measures. Since available therapy has failed to help 
these children, we sought for some method of replacing the defective ureter. 





4 





ss \ “| | | | 
Fig. 3.—A photograph of the pressure tracing obtained from a_ unilateral megaloureter. There 
was no peristaltic activity. The tracing recorded respirations. 


In the laboratory a technique was developed for replacing the ureters of 
dogs with isolated narrowed segments of terminal ileum. In 12 animals, seg- 
ments of small intestine were isolated and reduced in lumen size by resecting 
three-fourths of the wall. Suturing the cut edges together reformed the strip 
of intestinal wall into a tube slightly larger than a normal ureter. The ends 
of the narrowed segment were exteriorized to permit healing during a three- 
week period. The prepared narrowed ileal segment was detached from the 
abdominal wall at a second operation and used to replace one ureter. Consider- 
able technical difficulty was experienced in anastomosing the normal 2 mm. 
in diameter ureter to the narrowed ileal segment and a number of animals were 
lost due to leaks at this suture line. Unilateral replacement was accomplished 
in 3 animals and bilateral replacement in 3 animals. The ileal ureter proved 
to have active peristalsis and as the animals were observed for periods up to 
eighteen months, infection was not a serious complication and little if any 
hydronephrosis developed. Repeated blood studies failed to reveal any tendency 
toward hyperehloremie acidosis. Careful pathologic studies failed to reveal 
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any tendency of stricture formation either at the pelvic or bladder anastomosis 
to the ileal segment. Previously, full-sized ileum had been used for ureteral 
replacement but implantation of this large structure into the bladder would 
inevitably result in free reflux of urine from the bladder into the ileum.’ 
We believed that the likelihood of this complication would be reduced with the 
use of narrowed ileum and this proved to be the ease in the laboratory. The 
animal experience was so favorable that a similar procedure has been performed 
on 6 patients. 


e % 





Fig. 4.—Operative procedure for replacement of aperistaltic ureter. A, A segment of 
terminal ileum is isolated with attached mesenteric blood supply and continuity of the 
ileum is restored by end-to-end anastomosis. 


Details of the operative procedure are as follows. Through a _ rectus- 
splitting, midabdominal incision, on the side where replacement is planned, 20 
em. of terminal ileum is isolated between clamps (Fig. 4, A). The length of this 
segment is varied according to the size of the patient and the corresponding 
distance between the kidney and bladder. Careful attention is given to the 
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blood supply of this segment so that one or two of the main areades of the 
superior mesenteric vessels maintain an abundant blood supply to this segment. 
Intestinal continuity is restored by end-to-end anastomosis of the aseptie type 
using a single layer of 5-0 silk Halsted sutures. Three-quarters of the anti- 
mesenteric portion of the isolated segment of the ileum is then excised, leaving 
a ribbon of ileal wall attached to its mesentery measuring 5 mm. in width 
(Fig. 4, B). To prevent excessive blood loss during this part of the operation 
it is advisable to place a small serrefine clamp across the blood vessels to this 
segment of bowel (Fig. 4, C). It should be released at twenty-minute intervals 
to insure viability. The narrowed ribbon of ileum is made into a tube by 
suturing the edges together with a continuous suture of 5-0 plain catgut, which 











Fig. 4 (cont’d).—B, The isolated segment of ileum is narrowed by excision of three-quarters 
of the antimesenteric side of the intestinal wall. 


approximates the muscular and mucosal coats accurately (Fig. 4, D). The ends 
of the prepared segment of ileum are then exteriorized by bringing them to the 
surface of the abdomen through the angles of the abdominal incision. Most 
of the ileal segment with its attached blood supply is left within the abdominal 
cavity and the wound closed. The second stage of the operation is performed 
after an interval of a month which permits the reconstituted narrowed segment 
of ileum to heal into a water-tight tube. At the second operation the previous 
rectus incision is reopened. The isolated narrowed segment of ileum is freed 
from the surrounding tissue, with preservation of the vascular pedical. The 
megaloureter to be replaced is then approached through an incision in the peri- 
toneum lateral to the colon. The ascending or descending colon, depending on 
which side is being approached, is reflected medially. The entire ureter from the 
ureteropelvic junction to the bladder is excised. The isolated segment of ileum 
is brought through a prepared defect in the mesentery of the colon. An end- 
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to-end anastomosis is performed between the proximal end of the prepared 
segment of ileum and the pelvis of the affeeted kidney (Fig. 4, 2). Two layers 


of fine interrupted sutures are used: the first, 5-0 chromic catgut to the museular 





Fig. 4 (cont’d).—C, The ribbon of intestinal wall attached to mesentery is reconstituted 
into a tube by suturing the edges together. A serrefine clamp is placed across the blood 
supply. D, A continuous suture of 5-0 plain catgut is used. 


eoats, the second, 5-0 plain catgut to the serosa. The distal end of the prepared 


segment of ileum is anastomosed to the bladder low on the posterior wall (Fig. 


4, F). Again two lavers of fine interrupted sutures are used; plain catgut to 
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the mucosal layers, and silk to the muscular coats (Fig. 4, G and H). The 
colon is then sutured to the lateral cut edge of peritoneum, thus extraperitoneal- 
izing the segment of ileum and the two anastomoses. A Penrose drain is led 
from this space through the flank. Penicillin and streptomyein have been the 


E 


ar’), 


Fig. 4 (cont’d).—E, An end-to-end anastomosis is made between the kidney pelvis and 
the proximal end of the prepared segment of ileum. The anastomosis is done in two layers 
with interrupted 5-0 plain catgut to the mucosa and interrupted 5-0 silk to the muscular coats. 


antibioties used to control infection during these two stages of the operation. 
Peristaltic studies of these narrowed segments of small intestine demonstrated 
contractions with pressures as high as 70 or 80 em. of water occurring at one 
to two minute intervals (Fig. 5). 
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Fig. 4 (cont’d).—F, The distal end of the ileal ureter is anastomosed to the posterior 
aspect of the bladder. G, The muscular coats are sutured with interrupted 5-0 silk. H, The 
mucosal sutures are interrupted 5-0 plain catgut. 


om |. | 


Fig. 5.—A photograph of the peristaltic activity of a narrowed isolated segment of ileum. 
The time interval is one to two minutes. The pressure reached 80 to 100 cm, H20. 
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Case reports on the patients subjected to this operation follow: 


CASE 1.—P. M. was an infant girl referred at the age of 18 months because of recurrent 
urinary tract infection for one year. She had been hospitalized frequently because of severe 
bouts of pyelonephritis. Urinary tract evaluation revealed a megaloureter on the right with 
complete lack of peristaltic activity. This ureter was excised and replaced with a narrowed 
segment of ileum. During the follow-up period of sixteen months she had had only one 
episode of minor urinary tract infection which was controlled with Gantrisin. The intra- 
venous pyelogram shows that the hydronephrosis has returned to normal. 


CASE 2.—S. T. was a 2-year-old boy with a left aperistaltic megaloureter; he had a 
history of repeated severe urinary infections. The ureter was excised and replaced with a 
narrowed segment of ileum. During the past year he has had no significant episodes of 
urinary tract infection. 


B. 


Fig. 6.—A, An intravenous urogram of a patient with left hydronephrosis and a megalo- 
ureter due to absence of peristalsis. _B, Urogram six months after insertion of a narrowed 
segment of ileum to replace the aperistaltic ureter. 


CASE 3.—P. M. was a 9-month-old infant girl who was referred because of repeated 
urinary tract infection for four months. Bilateral megaloureter was found with absent 
peristalsis on the left. The left ureter was replaced with an ileal segment. During a one- 
year follow-up she has had no further urinary tract infection. The intravenous pyelogram 
still shows moderate hydronephrosis on the left side. 


Case 4.—S. K. was a 15-year-old girl who was born with a spina bifida associated with 
cord bladder and anal incontinence. In addition to the bladder defect she also had an 
aperistaltie megaloureter on the left. This ureter was excised and replaced with a prepared 
segment of ileum ten months ago. An intravenous urogram demonstrated dezrease of 
hydronephrosis on that side (Fig. 6). 


Case 5.—M. L. was a 9-year-old girl referred with a bilateral megaloureter associated 
with repeated urinary tract infections. Nine months before admission she had reimplantation 
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of the left ureter. She had slight retention of urinary waste products as evidenced by an 
elevated blood urea nitrogen. Urologic evaluation indicated a bilateral disturbance of peri- 
staltic activity in the ureter. However, the right was greatly more dilated than the left. 
Four months ago the right ureter was excised and replaced with a prepared segment of 
ileum. The clinical course has been satisfactory since the operation. 


CASE 6.—N, D. was a 2-year-old child referred because of severe pyelonephritis not 
responding to antibiotic therapy. An aperistaltic left megaloureter was found. The child 
has had a satisfactory postoperative course since replacement of the ureter four months ago. 
Repeated blood determinations have revealed no indication of hyperchloremic acidosis. 


This operation is suggested for patients having megaloureter without 
peristalsis or having defective peristalsis associated with uncontrollable in- 
fection. Where there is progression in disease, replacement with prepared ileal 
replacement are encouraging. At least a five-year period of observation will be 
segments offers a practical form of treatment. The early results after ileal 
required before this ean be accepted as an established procedure. 


SUMMARY 


Sixty patients with megaloureters have been studied. Thirty proved to 
have a defect in parasympathetic innervation .of the bladder. The defect in 
the bladder function was the cause of the ureteral dilatation. Bladder neck 
resection was the treatment of choice. Fifteen patients proved to have defects 
in ureteral peristalsis as the cause of the ureteral dilatation. Replacement of 
the defective ureter with narrowed ileal segments in 6 cases proved successful. 
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DISCUSSION 


DR. C. EVERETT KOOP (Philadelphia, Pa.).—I would like to congratulate Dr. 
Swenson on the very clear exposition of this most neglected of children’s surgical endeavors. 
I have just one comment to make about the ureteral transplant. We have had 2 patients 
in whom we have manufactured ureters out of ileum, In each instance we have used this 
procedure in a one-stage operation combined with the reconstruction of a ureter on the 
opposite side. Our follow-ups are not as long as Dr. Swenson’s but in each instanee we have 
injected dye, Diodrast, into the kidney postoperatively and the dye, as seen by fluoroscopy, 
has passed with such rapidity from the kidney to bladder that it was difficult to see it. 
There was also no reflux in these patients. Neither has had electrolyte changes in his 
peripheral blood. 


DR. WILLARD E. GOODWIN (Los Angeles, Calif.).—We are very indebted to Dr. 
Swenson for giving us this information which many of us have wondered about for a long 
time. In our own experience 4 patients with ileal ureters have all prospered, but they are 
adults. Two of these have been followed for over two years, and the striking thing is 
that there has been no electrolyte disturbance. The problem of whether to use the ileal 
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ureter in children was worrying us, because we didn’t know about the long-term follow-up, 
particularly as concerns electrolyte balance. However, now that we have this bright picture 
painted by Dr. Swenson and these beautiful x-rays to back him up, we may dare to employ 
it in selected cases to prevent vesicoureteral reflux. 

The problem of creating a ureteral valve that works properly to prevent reflux is a 
very difficult one. Yesterday’s discussion by Dr. Silen on the production of an aortic valve 
by use of intussusception was to the point on this problem. We have been attempting to 
prevent ureteral reflux in cases of dilated ureters by using an intussusception to make a 
valve in the ureter (much as described by Eiseman to produce venous valves). In animals 
this was difficult because it was hard to make them reflux in the first place. At present we 
have two children treated in this way. It is still too early to tell what the final result 
will be. One of them apparently has some reflux past the valve but it doesn’t seem to go 
all the way to the kidney under ordinary circumstances. ‘‘ Double voiding’’ allows him to 
empty the urinary tract. Thus perhaps there is another way of getting at this by trying 
to put in a valve to prevent reflux. 

However, only God can make a valve, and urological surgeons may do well in selected 
cases to make use of the active peristalsis in these isolated ileal loops to help protect the 
kidneys and re-establish a relatively ‘‘normal’’ upper urinary tract as demonstrated here 
so beautifully by Dr. Swenson. 


DR. ORVAR SWENSON (closing).—I would like to thank the men for their comments. 
It is well to reiterate that we have not made replacement of all aperistaltic megaloureters. 
So far ileal ureters have been used in situations where the only alternative was nephrectomy. 
The problem of reflux is important and it was anticipated that by narrowing the ileal seg- 
ment, a less unwieldly structure would be provided which would permit anastomosis to the 
bladder without reflux. In the laboratory and in the patients so far, reflux has not been a 


problem, Thank you. 








THE RELATIONSHIP OF THERMALLY INDUCED HEMOGLOBINEMIA 
TO VOLUME OF SKIN BURN 


J. L. Lyon, M.D., A. J. Emery, Jr., Pu.D., T. P. Davis, M.A., AND 
H. E. Pearse, M.D., Rocuester, N. Y. 


(From the University of Rochester) 
INTRODUCTION 


EPTH and surface area burned are the fundamental parameters of thermal 

injury to the skin. At the present time only the surface area burned can 
be accurately measured. In the human subject, particularly, no good method 
of assessment of depth is available. Biopsies obviously are impractical, for 
even if they were taken, only information regarding the site of biopsy would 
result. The measurement of volume of tissue burned offers an avenue of 
approach to the problem of obtaining the unknown factor in burn severity, 1.e., 
depth. 

Hemoglobinemia is known to occur following most burns of significant 
extent. The bulk of the erythrolysis necessary to release free hemoglobin in 
the plasma is most probably produced at the time of the burn episode. Other 
things being equal it is likely that the quantity of red blood cells destroyed 
will depend upon the surface area exposed and the depth at which hemolytic 
temperatures are attained. A few reports? **® of actual measurement of 
circulating hemoglobin in the early postburn period have appeared, but 
systematic quantitation of this substance, in terms of burn severity, has never 
been attempted. 

This experiment was designed in such a way that known volumes of pig 
skin were burned with water at 80° C. Blood samples drawn at specified times 
following each burn, have been analyzed for their plasma hemoglobin content. 
The observed degrees of plasma hemolysis have been correlated with the known 
volumes of burned tissue, and a method has been evolved that permits the 
estimation of the average depth of a burn from the plasma hemoglobin concen- 
tration resulting from the thermal exposure. 


METHODS 


Physical.—Large area, circumferential burns were produced by dipping anesthetized 
pigs into hot water contained in a galvanized can, 24 by 36 inches. Water was circulated 
rapidly through the container by placing the inflow hose at the bottom and allowing the 
water to freely overflow the brim. The water temperature for the entire study was constant 
at 80° C., and because of the large volume of water flowing through the container, the water 
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temperature never varied more than 2 degrees during any given burn procedure. Suspension 
of the animals was carried out with a double loop rope harness. The cephalad loop was 
placed around the animal’s chest just behind the forelimbs, and the caudal loop around the 
body just proximal to hindlimbs. The upper loop was then attached to a chain from an 
overhead single pulley and the lower loop secured to a chain from a pulley in the bottom of 
the can. With this method, the operator had complete control of the vertical movement of 
the animal, and immersion, as well as removal from the water, could be done in less than 
0.5 sec, 

Protection of the skin surface was accomplished by wrapping two thicknesses of 
one-half inch sponge rubber around the animal’s body, so that only the area desired for 
burning was left exposed. The rear hoofs of the animals were wrapped with several thick- 
nesses of gauze, and then covered with a one-inch penrose rubber drain. This provided 
satisfactory insulation of the hoofs and allowed the animals to be ambulatory as soon as the 
anesthesia wore off. 

Biological.— 

Animals: Chester White male and female pigs, weighing from 6 to 23 Kg., were used 
for this study. They were anesthetized one-half hour before burning with Dial in urea- 
urethane* in amounts of 40 mg. per kilogram of body weight, given intraperitoneally. The 
total surface area was determined in accordance with the values established by Kingsley 
which follow the formula: 


8. A. = .1 W.e2 


S. A. = Surface area in square meters 
W. = Weight in kilograms 





10% 
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Fig. 1.—‘‘Rules of 5” for pigs. 


The per cent that various portions of the pig’s skin surface are of the total area have been 
found to correspond quite well to the ‘‘Rules of 5.’’ This is an adaptation to the pig of 
Wallace’s? ‘‘Rules of 9’’ for humans, and is represented in Fig. 1, where each number 
indicates the per cent that particular area is of the total. The ‘‘Rules of 5’’ was used to 
determine the amount of skin to be exposed for burning in this experiment. 

Initially, the surface area burned was kept constant at 60 per cent with exposure times 
of ten, twenty, thirty, and 40 seconds. Five replications were used for each time-area com- 
bination or a total of 20 pigs. As a second step both the area and the times of exposure 
were varied. The areas selected were 45, 30 and 15 per cent with exposure times of twenty, 
thirty, and 40 seconds, yielding 9 combinations. Three animals were used for each of these 
time-area groupings, or a total of 27 pigs. Selection of animals and the order of burning was 
completely randomized. One animal was prepared for burning and carried through the 
entire procedure but was not burned. This served as a control for the method. 

Each animal was returned to its cage as soon as all samples were drawn and no 
therapy was given. They were allowed to take food and water ad libidum. 


*Ciba Pharmaceutical Products, Inc, 
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Biopsies: Skin biopsies were secured at ten minutes, twenty-four hours, and, when 
survival permitted, at seventy-two hours postburn. The ten-minute specimens were stained 
with hematoxylin and eosin, as well as the orange G, aniline blue method of Ross and 
Walker.5 The twenty-four- and seventy-two-hour specimens were stained only with hema- 
toxylin and eosin, 

Good agreement for depth of burn existed for the different methods of staining and 
the varied time intervals post burn that the biopsies were secured. With practice, the 
ten-minute specimens stained with hematoxylin and eosin could be read for depth of injury. 
The twenty-four- and seventy-two-hour sections were somewhat more easily interpreted due to 
collagen denaturation and the formation of the pyogenic membrane. The orange G, aniline 
blue method was used only for sections obtained immediately postburn. 

All depth measurements were taken from the surface of the epidermis and are sum 


marized in Table I for the exposure times used, 


TABLE [I 


EXPOSURE TIME WATER TEMPERATURE 





(SECONDS ) (~¢,) DEPTH OF DAMAGI 
10OCO” 80° 0.2 mm, + 0.1 mm. 
20 S0° 0.5 mm.+0.1 mm. 
30 soe 0.9 mm, +0.1 mm. 
40 S0° 1.4 mm.+0.1 mm. 


A depth of 1.4 mm. has been adopted to represent the average thickness of skin for 
pigs in the size range used in this experiment. The experience in this laboratory indicates 
that the depth of the skin may vary from 1.5 mm. on the abdomen to 1.6 mm, on the back. 
It will be seen that a forty-second exposure to water at 80° C. produces a burn at least 
1.4 mm. deep. This represents a full-thickness burn in terms of the average depth of pig 
skin. It should be mentioned that some of these burns may have extended a short distance 
into the fat, however, the exact depth could not be determined. In spite of the apparent 
wide range of pig size in this study the thickness of the skin did not vary significantly from 
animal to animal, 


Specimens and chemical analysis: All blood specimens were drawn by jugular or carotid 
puncture into syringes prepared with one or two drops of liquid heparin, ten mg. per cubic 
centimeter, in physiologic saline solution and immediately placed into calibrated centrifuge 
tubes containing 2 mg. of dry heparin. One or two control samples were drawn from eacli 
animal prior to burning. At intervals of thirty, sixty, one hundred twenty, two hundred, 
and three hundred forty minutes postburn, the test samples were drawn in 3.5 ©.¢, 
amounts and analysis of plasma for free hemoglobin earried out by the eyanmethemoglobin 
method of Evelyn and Malloy.1 Hematocrit values were determined for each control sample 


and were found to vary from 39 to 42 per cent. 


RESULTS 

Table Il is a summary of the data obtained from analysis of plasma for 
free hemoglobin at the various times postburn. The exposure time and per 
cent of surface area burned combinations are indicated in the left-hand margin. 
Weight in kilograms, total surface area, surface area burned, average depth ot 
burn, and volume of burns are indicated for each animal. The time of death 
postburn is also ineluded, but the relatively small size of the sample limits the 
usefulness of the mortality data, and hence no interpretation has been attempted. 
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The numerical averages of plasma hemoglobin content for each group of 


postburn samples in Table I have been used to construct Figs. 2 to 
the milligram per cent of plasma hemoglobin has been plotted against the 
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per cent surface area, water at 80° C. 
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elapsed time postburn for all the exposure time and per cent surface area 
The curves represent the best fit through the average of the 
Fig. 2 is plotted for 60 per cent surface area exposed, 
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Fig. 3 for 45 per cent, Fig. 4 for 30 per cent, and Fig. 5 for 15 per cent. The 
control level of 45 mg. per cent plasma hemoglobin is the lower curve in each 
diagram, and was obtained by averaging all of the preburn control values in 
Table I. It indicates a basal reading for the method used, and is not to be 
construed as an absolute value for the normal plasma hemoglobin content in 
pigs. 

Examination of Figs. 2 to 5 indicates that hemoglobin levels rise sharply 
to thirty minutes postburn followed by a more gradual leveling off to one 
hundred twenty minutes postburn, and then are characterized by a slow 
decline to three hundred forty minutes. This is the general contour observed 
for all the curves and would seem to indicate that either hemolysis continues 
after the heat is removed, or that the routes of excretion cannot initially keep 
pace with the rapid movement of hemoglobin into the plasma. The peak plateau 
of the majority of the curves oceurs around one hundred and twenty minutes 
and the hemoglobin values at this time interval have been used to interpret the 
data. It is possible that samples obtained at times greater than two hours post- 
burn may be extrapolated back to this time interval. It should be noted that 
so little difference was found between the degree of hemoglobinemia for 30 per 
eent and 15 per cent burns, that with the method used it is difficult to dis- 
tinguish one from the other. From this it is apparent that the experimental 
results are probably valid only for burns of 30 per cent of surface area or 


greater. 


Figs. 6 and 7 have been constructed to illustrate some relationships of the 
experimental data. In Fig. 6 the depth of burn in centimeters has been plotted 
against the exposure time in seconds. The range of depth for each exposure 
time is shown by I symbols. The shape of this curve may indicate the depend- 
ence upon time for the establishment of a temperature gradient through the 


skin. 

In Fig. 7, milligram per cent of plasma hemoglobin has been plotted against 
exposure time in seconds for each of the 4 surface areas burned. Note that the 
eurve for 60 per cent burns rises more sharply with increased exposure time 
while the curves for smaller surface areas tend to assume a more linear relation- 
ship. This may indicate that for iarger area burns at longer exposure times, 
the factor of blood flow beneath the heated area becomes important. In other 
words, as the exposure time is prolonged, more undamaged red blood cells are 
made available for heat alteration at the burn site. In addition, the total 
vascularity, as well as vessel size, increase somewhat as the deeper layers of 
the dermis are reached. This would also tend to expose more blood to the 
erythrolytie action of heat as the exposure time is prolonged. These two factors 
probably account for higher plasma hemoglobin levels than would obtain if the 
blood were stationary and hemolyisis were a function of depth only. As the 
surface area burned is decreased, the flattening of the curves may indicate that 
these two phenomena have less influence on the degree of hemoglobinemia. 
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DISCUSSION 


Understanding of the volume concept of burn severity is based upon the 
knowledge that plasma volume and total circulating hemoglobin, with constant 
hematocrit, are proportional to the skin surface area rather than to body 
weight. Rowntree® ’? established this for human beings and it has been con- 
firmed in this laboratory for pigs employing the Evans Blue Dye technique. 
The extension of this relationship to apply to the volume of skin may be stated 
as follows: assuming a constant average depth for normal skin, the total skin 
volume will be proportional to the total surface area and therefore to the 
plasma volume and to the total circulating hemoglobin. If one now assumes 
that the number of red blood cells exposed to heat lysis varies directly with the 
depth and surface area of a burn, then it is reasonable to suppose that the mass 
of hemoglobin released into the plasma would also be proportional to this 
burned volume. 

It follows from the above that, if the mass of heat released hemoglobin is 
expressed as units per 100 ¢.c. of plasma, then this value will be proportional 
to the burned skin volume divided by the total surface area of the animal in 
question. Thus: 

S. V.z 
[Hb] pl « SAY 
where:[Hb] pl — plasma hemoglobin concentration in mg. per cent 
S. B., = _ skin volume burned in eubie centimeters. 


.y =. total skin surface area in square centimeters. 


Introducing the proportionality constants: 


S. V.p 
Hb] pl = a+ k —=—— 1 
ont S. Ax ( 

where : a = control level of hemoglobinemia in mg. per cent plasma for 


unburned pigs. 
k = the proportionality constant relating plasma volume and 


surface area. 

The fractions obtained for skin volume burned divided by total surface 
area, for each experimental burn, are presented in the final column of Table I. 
In Fig. 8 the two-hour plasma hemoglobin concentrations are plotted against 
the burn volume, to surface area fractions for each burn studied. The solid 
line is a least squares fit through the experimental points and from it the pro- 
portionality constant, k, has been calculated to be 6.84 x 10°. The control level 
of hemoglobinemia for unburned pigs, (a) in Equation 1, was found to be 49.2 
mg. per cent. The two dotted lines indicate the 95 per cent limits of confidence 
for a single plasma hemoglobin sample drawn for one specific burn. 

Equation 1 may now be solved for depth of burn. Let 

S. A.p = surface area burned in square centimeters. 

Dg = average depth of burn in centimeters. 
substituting in Equation 1: 


(S. Az) (Ds) 
S. Avp 





[Hb] pl > aik 
solving for depth: 


Dp va Bie ( [Hb] pl — a) 


(K) (S. A.z) 
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Thus, a mathematical expression evolves by which the average depth of burn 
may be ealeulated if the surface areas relationships and plasma hemoglobin 
concentration are known. 

In order to more simply demonstrate the concept just discussed, the nomo 
gram in Fig. 9 has been constructed. The left-hand column represents the 
per cent of the total surface area burned, the middle column is the average 
depth of burn, and the final column indicates the two hour postburn hemoglobin 
concentration in mg. per 100 ¢.c. of plasma. The point at which a line drawn 
between the per cent surface area burned and the mg. per cent of plasma 
hemoglobin intersects the middle seale, gives the average depth of the burn. 
Plasma hemoglobin levels have been taken from the mean least squares curve 
of Fig. 8. 
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Fig. 8.—Two-hour plasma hemoglobin concentration in mg. per cent versus volume of 
burn divided by total surface for each experimental burn. The solid line is a least squares 
fit to the experimental points; the dashed lines are the 95 per cent confidence limits. 


For the purpose of illustrating the potential usefulness of these relation- 
ships, assume an animal burned over 50 per cent of its surface and manifesting 
a two hour hemoglobin level of 120 mg. per cent. The average depth of its 
burn will be .02 em., a relatively shallow burn. Another animal with a 50 per 
cent burn showing a two hour hemoglobin level of 600 mg. per cent will have 
a burn of .14 em. average depth, which is a full thickness lesion as gauged by 
the criterion employed in this study. It is evident that these two burns, similar 
in gross appearanee, and identical in per cent of surface area burned, are quite 
different from the volume standpoint. 

Obviously this material, obtained for pigs, cannot be directly transferred 
to the human burn casualty. However, it is felt that the volume concept of 
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burn severity is fundamentally sound and from this standpoint may be worthy 
of further investigation. It is hoped that other workers interested in the large 
area burn problem will test the basic hypothesis here presented. 
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Fig. 9.—Nomogram relating per cent surface area burned and mg. per cent plasma hemo- 
globin to average depth of burn. 


SUMMARY AND CONCLUSIONS 


1. Methods have been deseribed for producing large area hot water burns 
in pigs and for estimating surface areas by the ‘“‘rules of five.’’ 
2. Thermally induced hemoglobinemia has been correlated with depth and 


surface area of burn. 

3. A volume concept of burn severity has been suggested, by means of 
which, an equation, expressing depth as a function of surface area and _ post- 
burn hemoglobinemia, has been evolved. 


REFERENCES 


1. Evelyn, K. A., and Malloy, H.: Microdetermination of Oxyhemoglobin, Methemoglobin, and 
Sulphemoglobin in a Single Sample of Blood, J. Biol. Chem, 126; 655, 1938, 





P46 LYON, EMERY, DAVIS, AND PEARSE isutnee? 


2. Hobson, L. B., and Harvey, T. S.: Flame Attack Study. VI. Studies on Goats Directly 
Exposed to Flame of Petroleum Fuels from Flame Throwers, Medical Division Report 
No. 113, Chemical Warfare Department Technical Report, Washington, D. C., 1947. 
Kingsley, H. D.: Personal communication. 
Moore, F. D., Peacock, W. C., Blakely, E., and Cope, O.: The Anemia of Thermal Burns, 
Ann, Surg. 124: 811, 1946. 
Ross, O. A., and Walker, C. J.: Histochemical Studies of Thermal Injury on Rat Skin, 
Proce. Soc. Exper. Biol. & Med. 83: 379, 1953. 
Rowntree, L. G.: The Water Balance of the Body, Physiol. Rev., 2: 116, 1922. 
Rowntree, L. G.: The Volume of the Blood and Plasma in Health and Disease, Phila 
delphia, 1929, W. B. Saunders Company. 
. Shen, S. C., and Ham, T. H.: Studies on the Destruction of Red Blood Cells, New England 


J. Med. 229: 701, 1943. 
Wallace, A. B.: Surface Assessment of Burns, Practitioner 170: 109, 1953. 


DISCUSSION 


DR. B. W. HAYNES, JR., (Richmond, Va.).—I think the work of Dr. Lyon and his 
associates is very interesting and unique because it adds information in an extremely difficult 
field. The depth of burn in the severely burned patient is difficult to determine and is 
usually variable over the burn surface. This study offers us some hope of gaining further 
information about it. The relationship between the depth and extent of burn and the 
amount of red-cell destruction has interested us, too. Dr. Birkeland in our laboratory has 
done several studies relating the extent and depth of burn to the amount of red-cell de 
struction which occurred, and in general we find a correlation between these parameters. In 
summary, burns of 30 per cent body surface area or greater, produce much greater red cell 
destruction than those of smaller extent. This change begins immediately after burning and 
is continuous for at least five days, which is the maximum period of time that we have 
studied this in detail. There may be as much as 30 per cent of the red cell mass destroyed 
within the first five days in burns of this extent. 

I enjoyed Dr. Lyon’s paper very much and hope that he will continue his work in 
patients in order to gain further information on this point. 


DR. J. L. LYON (closing).—I would like to thank Dr. Haynes for his comments and 
to add that we have about 5 serial determinations on human large-area burn casualties. 
We had one who had about a 90 per cent full-thickness burn and his plasma hemoglobin 
content was astronomical, i.e., about 2 Gm. per cent. We had another patient, by contrast, 
who had a 40 per cent burn, 25 per cent of which was estimated to be full-thickness. Analysis 
for free plasma hemoglobin showed it to be less than 100 mg. per cent. On this basis we 
predicted a relatively mild burn, and this proved to be the case. Thank you very much. 





MUCOPROTEINS AND THE PREVENTION OF WOUND INFECTIONS 
BY ANTIBIOTICS 


Epwarp L. Howes, M.D., ANp CoNsTANCE ARMITAGE, B.S., NEw York, N. Y. 
(From the Department of Surgery, Columbia University) 


HERE are several reasons why mucoproteins should be investigated in the 

prevention of wound infections. They are found in the mucus that lines 
the gastrointestinal tract and apparently have a role in protecting the body 
against bacteria present in the lumen of the gut.2, Moreover, mucoproteins are 
found to be more abundant in the secretions of the wound after they start to 
heal. Mucoproteins have a greater capacity to increase the viscosity of fluids 
than simple proteins, and their presence accounts in part for the stickiness of 


healthy granulations.° 

In a previous publication,® it was shown that the crushed wound made in 
the back muscles of the rabbit and contaminated with either Staphylococcus 
or floor dirt was purulent at the first dressing four days later. A blood plate 
smeared directly with a swab saturated in this wound showed a heavy growth 


of bacteria (Figs. 1, 2, and 3). 

Now, when this wound was made and contaminated in the same way, but 
was treated immediately by a single injection and packed open with gauze 
saturated with a mixture of streptomycin and Sulfamylon, at the end of four 
days, there was no infection and the granulations appeared healthy. The 
blood plate smeared from these wounds showed either no growth or scattered 
colonies (Figs. 1, 2, and 3). Here infection produced by sensitive micro- 
organisms was prevented by the immediate use of an antibacterial substance 
in the presence of crushed tissue. No brief is held for the particular anti- 
bacterial mixture employed, except that it had a wide spectrum of activity 
and acted rapidly. Mixtures of bacitracin and streptomycin and penicillin and 
streptomycin have also given successful results. Antibacterials which produce 
local inflammatory reactions such as Aureomyein, Terramyein, and achromy- 


cin have not been tried. 

When this experiment was repeated a third time, but a delay of three 
hours was allowed to elapse between the time of contamination of the wound 
and its treatment, then about 55 per cent of the wounds again became infected, 
and the plate showed a heavy growth of bacteria. When the interval was 
longer than three hours, the percentage of infected wounds became still 
higher. 


. This work supported in part by a grant from the Air Research and Development 
Command, United States Air Force, Contract No. AF 18 (600)918. 
1966 Read at the Meeting of the Society of University Surgeons, Indianapolis, Ind., Feb. 9-11, 


247 





248 HOWES AND ARMITAGE Surgery 


Tuly. 195¢ 


Why delayed treatment failed was not readily explained. The bacteria 
recovered from the pus were just as sensitive to the action of the antibacteria| 
substance. The amount of necrotic material present had not markedly in- 
creased, and residence of the bacteria within crushed tissue did not seem to be 


Fig. 1.—Right: Smear of wound on the fourth day treated seventeen hours after 
contamination. Left: Wound treated seventeen hours after contamination, but with the 
addition of mucoprotein. 


Fig. 2.—Right: Smear of bacteria taken directly from untreated crushed wound 
on the fourth day. Left: Smear from wound treated immediately with streptomycin plus 
Sulfamylon, 
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the answer because they were crushed into the tissue originally, and yet 


immediate treatment successfully stopped their growth. The only change 
found that might explain the failure was that many leukocytes had begun to 
inhabit the wound edges, and bacteria had entered them and they were no 
longer available to the action of the antibacterial substanee. 

In an attempt to discover the function of the mucoproteins, we tested 


them within the experimental framework just described. 


_ Fig. 3.—Right: Smear made on the fourth day from an untreated wound. With 
this amount of contamination, subsequent local treatment does not reduce the number of 
colonies. Compare with Fig. 4. Left: Treated immediately with bacitracin. 


METHOD 


Crushed wounds were made by the method previously described and immediately con- 
taminated.1° Two wounds were made on the back of each rabbit; one was used as the 
control, the other as the experimental wound. Treatment was delayed to four, seventeen, 
and seventy-two hours. The controls were treated with either 10 ¢.c. of bacitracin (2,000 
units per ¢.¢.) or a mixture of streptomycin (200 units per c.c.) and Sulfamylon (5 per 
cent), while the experimental wounds were treated with either of these antibacterials plus 
the addition of 1 mg. per e.c. of rabbit mucoprotein. This amount produced a concentration 
similar to that found later in a granulating wound. Three wounds were treated with 
mucoproteins only. 

Mucoprotein was obtained by withdrawing blood from the heart of the rabbit in the 
presence of heparin. It was centrifuged to remove cells and the mucoproteins were 
precipitated out by the double acid precipitation devised by Winzler and associates.10 
First, perchloric acid was added to precipitate out all the other proteins. They were filtered off 
To the filtrate was then added phosphotungstie acid with a small 
fifteen minutes the precipitated mucoproteins were 


within ten minutes. 
amount of hydrochloric acid. In 
centrifuged down and washed once with phosphotungstic acid. They were redissolved 
in slightly alkanized water and dialyzed in a Visking easing for twenty-four to twenty-eight 
hours and lyophilized by vacuum and shell freezing. The mucoproteins obtained were a 
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grayish powder. This substance has been analyzed by Weimer and associates§ and checked 
by our own work. It has an amino acid composition differing in the content of cysteine, 
isoleucine, and tryptophan. The carbohydrate present is either mannose, galactose, or a 
mucopolysaccharide. Approximately 26 per cent is carbohydrate. It produces a single spot 
with electrophoresis with the periodie-Schiff reaction. This lyophilized powder readily dissolved 
in a slightly alkaline or salt solution and could then be added to streptomycin-Sulfamylon, 
or bacitracin without causing a precipitate. 

The wounds were treated by the injection, into the base of the wound and surround- 
ing tissues, of 10 ¢.c. of either the antibacterial alone or the antibacterial with the muco 
protein. The needle was entered numerous times to a depth of about one-fourth inch and 
small amounts were injected in many locations. Entry was made directly through the con 
taminated area or infected areas. Fine-mesh gauze was then soaked in another 5 ¢.c. of 
the solution employed and the wound was packed open elevating the skin edges. Petroleum 
jelly gauze was placed directly over the wet pack and the animal was bandaged circularly. No 
parenteral antibacterials were given. All animals were kept on the same diet. 

A blood plate was smeared before the first treatment and at each dressing. Treatment 
was given once and then the wound was bandaged and left intact for four days. It was 
dressed daily thereafter. In a second series, those treated after seventeen and seventy-two 
hours of delay were dressed daily thereafter. When the wound was redressed the amount 


of infection was noted and the character of the granulations was observed. 








TABLE | 
On | NUMBER OF PER CENT 

TIME OF TREATMENT ANIMALS INFECTED 
None 30 98 
Immediate 

Antibiotic 28 2* 

Mucoproteins alone 3 100 
Four-hour delay 

Antibiotic 12 50 

Antibiotic plus mucoprotein 10 10t 
Seventeen-hour delay 

Antibiotic 8 72 

Antibiotic plus mucoprotein 9 44 
Seventy-two-hour delay 

Antibiotic 13 85 

Antibiotie plus mucoprotein 4 71 





*Resistants only. 
*Thirty colonies. 
RESULTS 

The results are shown in Table I. Immediate treatment with an antibiotic 
alone used locally again resulted in prevention of infection except when the 
bacteria was resistant. This was accomplished without débridement of the 
crushed muscle and without parenteral therapy. The percentage of in- 
fections increased however with the delay in the time of treatment. Fifty 
per cent became infected after four hours’ delay in treatment, 72 per cent aiter 
seventeen hours and 85 per cent continued to be infected after twenty-seven 
hours’ delay. In the established infection at seventy-two hours, blood smears 
made one hour after the antibacterial treatment showed as many bacteria 


present as before the treatment. If uninjured bacteria were inaccessible to 
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the antibiotic because they were in leukocytes, one would not expect this 
finding. The bacteria recovered from the wounds that became infected were 
still sensitive to the antibiotic as shown by the usual plate method. 

With mucoprotein added to the antibiotic, only one infection was ob- 
tained after four hours’ delay in treatment, or the amount of prevention was 
equal to the immediate treatment with antibiotic alone. In fact, the blood 
plate recovered from this one counted as an infection showed only thirty 
colonies. After seventeen hours’ delay, the beneficial effect of the presence 
of the mucoprotein was still apparent, 44 per cent being infected, against 72 
per cent with the antibiotic alone. However, after three days of delay, the 
difference was questionable: 71 per cent with the combination and 83 per 
cent with the antibiotic. 





; 4.—Crushed wound rendered sterile by the use of antibiotics still has crushed tissue 
in base. Edges are freely movable, however, there is no purulent discharge, and the sur- 
rounding uncrushed muscle is a bright red. 


All wounds treated with mucoproteins without antibiotics became in- 
fected. In the wounds treated with mucoproteins plus antibioties, the sur- 
rounding uncrushed tissues appeared a bright red, they were more free of pus 
and the erushed muscle was better demarcated but still appeared necrotic 
(Fig. 4). In some of the wounds it was rendered completely sterile and it 
and the bandage could be smeared on a blood plate without obtaining a growth 
of baeteria (Fig. 5). The usual result though, was to obtain a blood plate 
with only eight to ten colonies on it (Fig. 6). Different batches of mucopro- 
tein seem to be more effective than others. Once this relative freedom from 
haecteria was established, this circumstance could be maintained even with 
repeated daily dressings. On the other hand, if the wound became infected 
ond there were numerous bacteria present, no amount of treatment with anti- 
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‘of bacteria, 


biotic alone or antibiotic plus mucoprotein decreased the number 
and in fact, the wounds seemed to do worse with daily dressings than if they 


were left undisturbed for two or three days. 


In all the wounded animals, the 


Fig. 5.—A piece of gauze smeared on blood plate from wound treated with strep- 
tomycin plus Sulfamylon plus mucoprotein four hours after contamination. Only an occasional 


colony is seen. 


with streptomycin plus Sulfamylon 
plus Sulfamylon will 


Fig. 6.—Wound_ treated after four hours’ delay 
may sterilze the 


plus mucoprotein. — Daily irrigation of the wound with streptomycin 
prevent a contamination of this number of bacteria from increasing or 


wound. 
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serum mucoproteins became elevated about the fifth day after wounding, but 
the elevation was not significantly higher in the ones where infection was 
prevented. 

Many of the infected wounds were followed until they finally healed. All 
continued to contract, and granulations appeared as Anderson' found. They 
continued to discharge pus. However, about the fourteenth day, the secre- 
tions became very sticky. This change took place regardless of the type of 
local treatment, and it happened at nearly the same time in wounds on the 
opposite sides of the same animal, suggesting some general change in the 
animal. 

When microscopic sections were made of the wounds treated with and 
without mucoproteins, the band of leukocytes on top of the granulations were 
much less in the wounds treated with the mucoproteins than in those treated 
with antibiotics alone. This difference was so striking that the smaller zones 
of leukocytes could be distinguished from the other slides and nearly all of 
the mucoprotein treated animals were in this group. 


DISCUSSION 


The action of mucoproteins in extending the time when antibacterials 
would prevent infection in the wound into the period when the bacteria were 
already beginning to multiply must be explained on the basis of some local 


phenomena. 

The possibility that the mucoproteins enhance the action of the anti- 
bioties can be quickly excluded. Dr. John MacLennan could not show any 
difference in the inhibition of growth of bacteria with antibiotic alone either 
with filter paper or dilution sensitivity tests. Neither is there any evidence to 
support the idea that the mucoproteins caused the antibiotics to remain 
longer locally or changed the vascularity of the wounded area. Wheals made 
in the skin disappeared with equal rapidity and without causing inflammatory 
changes when both were injected. 

That antibiotics used locally in infected wounds do not reduce the number 
of baeteria has been a common observation whenever studies were made. 
Apparently these observations are not known, else it is difficult to explain 
why clinically so many wounds are washed daily or are irrigated through poly- 
vinyl catheters with antibiotics. The exceptions are that the bacterial floré 
of granulations can be markedly reduced when treated with antibacterials 
incorporated into suitable ointment bases, and if only a small number of 
bacteria are present, ten to twenty colonies on a plate, for example, and their 
number can be reduced still further or their population prevented from in- 
creasing. 

These studies do not support the thesis of inaccessibility of bacteria within 
cells as the reason why the susceptible microorganisms cannot be destroyed by 
antibiotics. Instead, these bacteria seem to be available but not affected when 
the population is large. The problem of destroying them or limiting their 
growth by antibacterials seems related to the concentration of microorganisms 
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and/or the enzymes they produce. In the usual sensitivity test, the bacteria 
are prevented from growing up to the antibiotics or the small number present 
on the plate after two or three hours of incubation will not survive. However, 
if the antibacterial is put into filter paper and laid over a twenty-four hour 
growth of bacteria and the plate is incubated for another twenty-four hours, 
then no clear zone develops about the paper, and, in fact, if the paper is re- 
moved and the bacteria are fished from the spot beneath, they can be grown 
again on a new plate in the next twenty-four hours. The antibiotic apparently 
had no effect against a large number. Moreover, in support of the idea that 
inaccessibility is not the answer was seen in our studies with the use of 
external enzyme to solvate necrotic tissue. The number of bacteria present 
was not decreased by the use of enzymes. They apparently survived as well 
on breakdown products. Indeed there is the possibility that mucoproteins 
may exert their effeet by inhibiting enzymatie action. 

We have studied the enzymatic digestion of isolated mucoproteins and 
found them to be resistant to pepsin, chymotrypsin, and partially to crude 
trypsin.’ A proteinase obtained from bacteria does digest mucoproteins com- 
pletely, however. In general, mucoproteins are more resistant to enzymatic 
digestion than proteins. In fact when mixed with gelatin in the correct pro- 
portions, the gelatin bécame indigestible to certain amounts of trypsin that 
would quickly liquefy gelatin alone. It is conceivable therefore that early the 
mucoproteins could make crushed tissue less susceptible to attack by enzymes, 


as for example Staphylococcus coagulase, elaborated by bacteria just starting 
to grow, while the mucoproteins themselves would be digested later by enzymes 
that may be produced by bacteria growing in larger numbers. 


As has been mentioned, mucoproteins are found in mucus and therefore 
one should examine the antibacterial properties of mucus in the hopes of 
finding a partial explanation of the action of mucoproteins. Goldworthy and 
Florey? found that the antibacterial qualities of mucus were variable and 
eame to the conclusion that its protective action in preventing bacteria from 
entering the host from the gut may be mechanical. However, the clearing of 
the bacterial plate above an area of mucus could not be explained on a 
mechanical basis and they believed at first that lysozyme was the cause. This 
thesis could not be supported by their subsequent investigations, however. 
Rose’ has also found that respiratory mucus was at times bactericidal and at 
other times would help the growth of bacteria. He feels that mucus must 
be a carrier of some antibacterial substance not yet defined. 

The double acid method employed to precipitate mucoproteins may be 
suspected of precipitating other substances even though electrophoretically 
they appeared in the past to be homogeneous. Two substances ean be ex- 
eluded. Lysozyme is not precipitated by this method and would be removed 
by dialysis. Gamma globulin is also not precipitated. There are at least two 
mucoproteins M, and M; adjacent to alpha and beta globulins in paper 
chromatograms of blood serum. Moreover, Markham® has just shown that M. 
mucoprotein has several fractions while M, so elevated in rheumatoid arthritis 
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has only two fractions. Further, Werner? has shown that repeated daily 
bleeding causes the alpha and beta globulins to continue to rise, while muco- 
proteins plateau after the sixth day. There are reasons then to believe that 
seromucoproteins may be different, depending on previous experience of the 
animal from which they are obtained. In any event, mucoproteins must be re- 
garded as an auxillary factor in preventing infection because they did not act 
alone. 

How the host finally handles the bacteria of the infected wound is an un- 
solved problem that must be answered by further investigation, possibly of the 
properidine system. We have no knowledge at present whether the properidine 
system was activated earlier in the animals in which infection was prevented. 
Antimetabolite activity apparently can be excluded because increasing the 
amount of mucoprotein employed did not inerease the number of infections 


prevented. 
SUMMARY 


1. When the local treatment of the crushed wounds by antibiotics was 
delayed for four hours after the contamination, 50 per cent became infected, 
whereas only those contaminated with resistant strains (2 per cent) became 
infected when the treatment with antibiotics was done immediately after the 
contamination. 

2. When mucoprotein (0.1 per cent) was combined with the antibiotic 
only 10 per cent became infected when the treatment was delayed four hours. 

3. When the wound was treated with the combination of mucoprotein and 
antibiotics seventeen hours after contamination 44 per cent became infected, 
while with the antibiotic alone, 72 per cent became infected. 

4. When the wounds were already infected for three days neither local 
use of the combination nor of the antibiotic alone reduced the number of 
bacteria present. In fact, the number of bacteria found one hour after either 
treatment was the same as before treatment. 

5. Despite the type of local treatments, a time finally arrived, after about 
fourteen days, when the secretions became very viscous and muecoproteins were 
found to be abundant in them. 

6. The double acid technique employed may also precipitate other sub- 
stanees. There are at least two mucoproteins composed of different fractions 
that may explain the action of the mucoproteins. However, mucoproteins have 
also been found to be quite resistant to the action of enzymes and this property 
may interfere with the early action of enzymes elaborated by the bacteria. 
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DISCUSSION 






DR. J. ENGLEBERT DUNPHY (Boston, Mass.).—Dr. Howes’s long interest in wound 
healing merits a note of recognition and appreciation. He is now delving in an area which 
everyone interested in wound healing would like to know more about, and I wish it were 
possible for the Chairman to give him an hour instead of a minute so that he could tell 
us exactly what he means by the term “mucoprotein.” We know that mucoproteins and 









mucopolysaccharides form in wounds during the first four to six days after injury. We 
would like to know the specific source of the protein and polysaccharide components. We 






know that in the absence of vitamin C these materials persist in abnormally large amounts 
in the wound. In fact there actually may be situations in which there is too much protein. 
Too much of the viscus fluid of which Dr. Howes speaks interferes with collagen formation. 








In Dr. Howes’s very interesting surface wound experiments, he is placing on the wound 
materials which nature requires four to six days to produce. You will notice that after 
the fourth day there was little benefit when he added the mucoproteins to the surface of the 
wound. This corresponds with some observations made many years ago which indicate 
that once the granulating wound has formed stable granulations, it is almost impossible 
to infect it by surface contamination. His observations are very intriguing and may well 
lead to some important practical developments in the next few years. 













DR. EUGENE E. CLIFFTON (New York, N. Y.).—This is indeed a very intriguing 
paper and I rise to discuss it only from the point of view of congratulating Dr. Howes from the 
scientific point of view and discuss our own studies briefly. 

I didn’t bring any slides, unfortunately—which will disappoint you. We tried to 
do just the opposite of Dr. Howes and prevent the formation of granulations and clean the 
wounds up as rapidly as possible using enzymes in the early stages with antibiotics and 
without antibiotics. When we first started using enzymes in our wounds we were afraid 
that we would spread the infection and used antibiotics—Bacitracin ordinarily—but subse- 
quently we have stopped using them at all and use nothing but the enzymes and there 
seems to be very little difference in the healing. We are running a control series at the 
present time on acute wounds that we pack at the same time they are drained with saline 
solution, and with human plasmin, and then use antibiotics parenterally, and using biopsies 
of the wall in order to get a cell colony count. With this method, the plasmin plus the 
antibiotics, we can obtain cleansing of the wound and practically no culture within twenty 
four to thirty-six hours. With plasmin alone it takes a few hours more and that’s the only 
difference in this type of wound. Our main difficulty in this group of wounds has been 
having the treated wounds stay with us long enough to get our tissue sections for culture. 
The difference in time of cleaning and the patient’s leaving the hospital is about two 
days, as compared to eight days in those patients with antibiotics along with saline solu 
tion packs. 

I would like to ask Dr. Howes one question. What is the pH of this material that 
you use? Does this have anything to do with enzyme activity? 
























DR. JOHN ALBERT SCHILLING (Rochester, N. Y.).—I, too, would like to rise in 
congratulation of Dr. Howes for this interesting presentation which, as Dr. Dunphy men- 
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tioned, may be quite fundamental in our future management of wounds. Some years ago, 
in studies of fibroplasia in wounds, one of the questions that we could never explain was 
the mechanism of the effect of infection on fibroplasia and wound healing. This led us to 
look for other systemic and local factors which might govern the response of the local 


wound. The question that I would like to ask is what systemic and local factors may 


govern the local concentration of mucoproteins in the normal wound. 
I have one more comment regarding some recent studies on fractionation of wound 
fluid. The alpha, beta, and gamma globulins were increased in concentration at the wound 


site despite a reduction of the low density lipoproteins. 
these findings may correlate with the increase of the mucoproteins at the wound site just 


Further study is indicated as 


described by Dr. Howes. 


DR. EDWARD L. HOWES (closing).—The individual, sick with arthritis, tuberculosis, 
or cancer has increased mucoproteins. Whether the M, mucoprotein found in this group 
of patients is related to the resistance of pyrogenic infection or M, is yet to be determined. 
The factors found in M, must be different because they are twice as numerous. The rela- 


tionship of the globulins to the mucoproteins must be investigated further. 


The resistance of mucoproteins to enzymatic action is intriguing. We are able to 


set up enzyme and mucoprotein together, incubate them, and then reprecipitate the muco- 


protein again to determine how much mucoprotein was destroyed. Mucoproteins are the 


characteristic proteins of mucus and therefore it is not surprising that they are resistant 
In the intestinal tract, destruction of mucoproteins would 


to the action of many enzymes. 
Moreover, mucoproteins 


leave surfaces open to attack by other enzymes and bacteria. 
increase around wounds and areas of injury and would in turn render the surrounding 
tissues resistant to enzymatic action except when certain bacteria were present, capable 


of elaborating enzymes destroying mucoproteins. Such could be a partial explanation for 


certain infections that dissolve surrounding tissues as they advance. 
I was hoping that somebody who knows more about properidine would say something 


about its possible relationship to this work. I wish to thank the discussers for the interest 


shown. 
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S 
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New Haven, Conn. 
(From the Departments of Surgery and Pathology, Yale University School of Medicine) 


INTRODUCTION 


HERE are branches of oncology in which methods of treatment are well 
standardized, and in which eontinuing advances are infrequent. Such is 
not true in the field of head and neck neoplasia, a field wherein considerable 
progress is being made, which progress must be recognized and applied by the 


surgical profession. There are significant differences of opinion regarding the 
treatment of tumors of the parotid gland, and it is the purpose of the present 
report to consider certain of these controversial aspects. As a frame of ref- 
erence for this consideration, the experience with parotid tumors at the Yale- 
New Haven Medical Center is reviewed for the period 1922-1955. The historical 
background of this subject has been well reviewed* * and accordingly will not 
be further discussed. 
MATERIAL 

A study of all salivary gland tumors at this institution was carried out by one of us‘ 
for the period from 1922 to 1952. In the present study, the parotid tumors only have been 
considered, and the cases occurring between 1952 and 1955 added to the survey, including two 
patients seen in consultation at the Newington Veterans Administration Hospital. In 
formation has been derived from the Tumor Registry, the Department of Surgical Pathology, 
and the Medical Records Department. 

RESULTS 

The pathologie classification used was similar to that suggested by Rawson, 
Howard, Royster, and Horn. An excellent consideration of the pathology of 
parotid tumors is to be found also in the 1953 article by Buxton, Maxwell, 
and French.* In Table I is seen the percentage distribution of the various 
lesions. <A significant number of the benign mixed tumors were recurrent, as 
has been noted in most other studies of this subject. The ratio of occurrence 
of the various malignant lesions is presented in Table II. It is to be noted 
that the 20 malignant tumors constitute 18.5 per cent of the entire series of 
108 neoplasms. 

Benign Mixed Tumors.—The term ‘‘reeurrence’’ is applied herein both to 
patients whose initial surgery was carried out elsewhere, and to those initially 
treated at this institution. The finding of 20 patients with recurrence out of 
a group of 88 is clear evidence of a tendeney for inadequate excision of these 
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tumors. With very few exceptions, the mixed tumors were treated by excision, 
usually a local extracapsular enucleation. Only in some of the more recent 
patients were complete dissections of the facial nerve done, with superficial 
parotid lobectomy or total parotidectomy. 


TABLE I. Parotip TUMORS 








NUMBER OF CASES | PER CENT 
Mixed tumors 88 81.5 
Primary 68 
Reeurrent 20 
Malignant 20 18.5 
Total 108 














TABLE II. MALIGNANT TUMORS OF PAROTID 











NUMBER OF CASES 





Adenocarcinoma 
Adenocarcinoma, anaplastic 
Adenocarcinoma and mixed 
Mucoepidermoid carcinoma 
Cylindroma, malignant 
Epidermoid carcinoma 
Epidermoid and mixed 
Sarcoma 

Total 20 


Nore wrebhbiiens 








TABLE II]. RECURRENCES AMONG 88 MIXED TUMORS 
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TUMOR TO RECURRENCE OF 
(YEARS ) CASES 











> 
Ss OO 


—~aea 


i 

1: 

15 
Uncertain 
Incomplete 


Loe ee 


* 
~ 





bo 





As reported by Mulligan,’ occasional instances will occur wherein metastases 
result from what are apparently benign mixed tumors. There was one patient 
seen in this series, a man born in 1914, who had the first excision of a parotid 
tumor in 1933, following which several further excisions were done. Cervical 
lymph nodes became involved with tumor which had the appearance of benign 
mixed salivary gland tumor. Radical neck dissection was carried out in 1944. 
He is living without apparent disease in 1955. In this connection, attention is 
called to the recognition by Ahlbom! of a category of tumors which is not 
clearly benign or malignant, and which is designated as a ‘‘semi-malignant’’ 


group. 
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Difficult for quantitative portrayal, but nonetheless true, is the fact that 
the patients with recurrence did not do well after re-excision of their tumors. 
The searring and seeding of the field with tumor cells led to great difficulty in 
achieving complete removal after the first attempt. 

It is to be mentioned also that there were 5 patients not included in the 
list of reeurrences, in whom mixed tumors were either a primary or a con- 
tributory cause of death. 




















































*Palliative resection. 
+Received irradiation therapy. 
tVery recent patient. 


having lymphatie metastases. 
nant tumors such involvement occurred. 


TABLE IV. METASTATIC BEHAVIOR OF MALIGNANT GROUP 
NUMBER CERVICAL 
OF NODES OTHER 
CASES | PATHOLOGY INVOLVED | METASTASES | REMARKS 
2 Anaplastic + 
4 Adenocarcinoma ~ 
3 Adenoearcinoma and 
mixed + 
1 Mucoepidermoid + Liver 
1 Mucoepidermoid ? no Recent case without neck 
dissection 
1 Adenocarcinoma ? no Recent case without neck 
dissection 
1 Adenocarcinoma no Neck dissection: nodes 
negative 
3 Epidermoid cancer - 
1 Epidermoid cancer and 
mixed + 
2 Sarcoma + 
1 Cylindroma + Lungs 
—_ PR decries seca 
TABLE V. TREATMENT AND OUTCOME IN THE MALIGNANT GROUP 
| | TREATMENT 
| | EXCI- 
} SION 
| vcom- | | AND |___ ___ OUTCOME ; 
|NUMBER| PLETE | LOCAL | NECK | LIVING | DEAD DEAD | LIVING 
| OF PA- |OR PAL-| EXCI- | DISSEC-| AND | OTHER OF WITH | UNCER- 
PATHOLOGY | TIENTS | LIATIVE| SION | TION | WELL | CAUSES | DISEASE|DISEASE| TAIN 
Anaplastic 2 1 1t 1-6 yrs. 1 
Adenocarcinoma 7 1 6 2-2 yrs. 2 1 lt 
1-1 yr 
Adenocarcinoma 2 1 2 
and mixed 1t 
Cylindroma 1 1* 1* 
Epidermoid 3 1t 1t 1 1-4 2 
yrs. 
Epidermoid and 1 1t 1 
mixed 
Mucoepidermoid 2 1 1* 1-1 yr. - 
earecinoma 
Sarcoma 2 1 1t l 1 
Total 20 


Malignant Tumors.—There was a high incidence of cervieal lymph node in- 
volvement in this series, as indicated in Table IV, at least 17 of the 20 patients 
It is of interest that in each eategory of malig- 
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In Table V is presented an analysis of the methods of treatment employed 
in the various categories, and the results obtained thereby. It is not possible to 
present material of statistical significance concerning five-year survivals from 
the present series. It is to be noted that 12 of the 20 patients are either dead 
or living with uncontrolled tumor. Such poor results could be a reflection either 
of the biological nature of the tumors concerned, or of inadequate therapeutic 
measures. On the basis of this small experience, plus the few reports in the 
literature,” it is our belief that adequate resection, namely total parotidectomy 
plus radical neck dissection is a justifiable approach to this problem, It is 
agreed that adequacy of removal usually necessitates sacrifice of the facial nerve, 
except in the presence of certain low-grade malignancies, wherein some of the 
branches may occasionally be spared. 


: Fig. 1.—Malignant cylindroma, recurrent over a ten-year period, in which excision and 
irradiation were carried cut elsewhere. Eventual involvement of skin and deep extension 
into pherygopalatine fossa occurred. 


DISCUSSION 


Review of the above-cited series of patients with parotid neoplasms has 
led to the acceptance of certain views regarding their management. These 
are discussed below in regard to their controversial aspects. Originality is 
not claimed for these opinions, sinee they are probably shared by others who are 
concerned with parotid tumors. 


The Controversy of Diagnosis——There are physicians in whose minds there 
is a question as to the advisability of operation for parotid tumors, partly 
beeause of confusion about the meaning of the word ‘“‘benign,’’ and partly 
because these physicans do not know that large tumors can be removed with 





262 SHEDD AND FLEMING Pg 
preservation of the facial nerve. Numerous clinical studies, including the 
present one, indicate clearly that the bad clinical behavior of parotid tumors 
makes histologic diagnosis imperative as a determinant of treatment. 

It should be mentioned that there are certain non-neoplastic tumefactions 
of the parotid region that cause confusion in diagnosis. Four of these have 
been seen in the past two years, one a nonspecific granuloma, and three instances 
of Parinaud’s syndrome. This condition is an oculoglandular variant of eat- 
seratch disease, or lymphoreticulosis, in which there is a conjunctivitis with 
associated eystic swelling of lymph nodes in the parotid region. 


e 


Fig. 2.—Front views of an 11-year-old boy with a mixed tumor involving the deep or retro- 
mandibular lobe, where it presented as a large bulge behind the tonsil. 


Controversy Regarding the Role of Biopsy—Since 80 per cent of parotid 
tumors will be of the benign mixed type, one may usually proceed upon this 
assumption in the manner outlined below, unless the clinical pieture arouses 
suspicion of a malignant tumor. In this instance, a cautious preliminary in- 
cisional biopsy is in order, with histologic study by immediate frozen section if 
possible. It is realized that many pathologists will be unwilling to make a 
diagnosis on frozen section of parotid tumors, but if an attempt is made in 
each instance, proficiency may develop. Should the frozen section prove in- 
determinate, the small biopsy wound is closed and results of permanent sections 
awaited. There probably is some disadvantage in preliminary biopsy in terms 
of spillage of tumor cells, and possible higher reeurrence rates. Such need 
not be if the biopsy is carefully done, and the wound thereof completely re 
excised in the subsequent definitive operation. 
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There is little question as to the importance of tissue diagnosis in planning 
operations which may involve sacrifice of the facial nerve plus radical neck 
dissection. 

The Extent of Operation for Benign Mixed Tumor.—In those patients 
wherein the clinical impression is that of benign mixed tumor, one may proceed 
without previous biopsy to carry out a definitive procedure. Because of inordi- 
nate fear of damage to the facial nerve, it was previously recommended that 
the local excision of the tumor from the gland be carried out. However, the 
mixed tumor may have pseudopods extending out into the gland, making local 
excision inadequate, and probably accounting for the fair reeurrence rate of 
these tumors. 


Fig. 3.—Profile view of the same patient as Fig. 2, showing incisions, including complete 
re-excision of the biopsy wound. 


In recent years, there has been a definite trend toward complete excision 
of the lobe, usually the superficial lobe in which the tumor lies. This can 
definitely be done without permanent damage to the facial nerve, provided 
the surgeon is willing to spend the time necessary to locate the trunk near its 
point of emergence from the stylomastoid foramen, and to follow the branches 
in the manner described by Martin® and others. The use of an electrical 
stimulator is helpful in this dissection. Having located the main trunk, it 
is not difficult to trace the branches forward through the superficial lobe of the 
gland and remove this in its entirety with the tumor contained. With care, 
even tumors of the deep or retromandibular lobe ean be removed in this manner, 
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It is probably justifiable in the treatment of very small superficial mixed 
tumors to carry out a local excision, provided that a wide margin of norma! 
gland is included. In such an operation, the use of an electrical nerve stimu- 
lator again facilitates avoidance of injury to the facial nerve branches. How- 
ever, prior to operation one cannot always be certain whether such a limited 
local excision will be applicable to the tumor in question. For this reason, it 
is recommended that provisions be made for the more extensive operations of 
lobectomy or total parotidectomy. 





Fig. 4.—Same patient as Figs. 2 and 3.—Photograph taken at operation showing the dissection 
of the facial nerve with the tumor lying deep to it. 


The Extent of Operation for Carcinoma.—The incidence of involvement 
of cervical lymph nodes from parotid cancer varies in the literature from 25 
per cent up to much higher values as in the present series. This means that 
the extent of operation required for cure is probably total parotidectomy plus 
radical neck dissection in continuity, with sacrifice of parts or all of the facial 
nerve as determined by the situation of the tumor. There are little data avail- 
able as to the percentage of cures to be expected from such a program,’ but 
the natural history of the disease is such as to indicate that lesser resections 
would seldom prove curative. The technique of such an operation has been 
well described by Hayes Martin and associates’ and by Ariel, Jerome, and 
Pack.2 Particular attention is called to the description of the location of the 
lymph nodes coneerned in the latter reference. It is acknowledged that such 
operations are moderately difficult. It is also acknowledged that recommending 
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sacrifice of the facial nerve to a patient is an unpleasant task. However, one 
must remember that the progress of the malignant disease itself will ultimately 
lead to destruction of the nerve. 

In a comprehensive review’ of the experience with salivary gland tumors 
at Memorial Center, New York, Frazell questions whether neck dissection is 





_ Fig. 5.—Same patient as Figs. 2, 3, and 4. Shows the large tumor of the deep lobe 
being delivered intact from its bed, with the facial nerve displaced cranialward to the tumor. 
Temporary VIIth nerve weakness resulted. 


necessarily indicated in a patient whose primary tumor is of a low degree of 
malignaney and in whom cervical lymph nodes do not seem clinically to be 
involved. A definite answer to this question is not available at the present. 
The Role of Frozen Section—If one accepts the advisability of radical 
neck dissection as part of the management of malignant parotid tumors, one 
would probably acknowledge the wisdom of carrying this out at the same time 
as the excision of the parotid gland. For this reason, it is recommended that, 
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upon completion of the excision of a supposedly benign tumor, the specimen 
be immediately examined grossly and by frozen section. The fact that 1 of 
every 5 or 6 parotid tumors may be malignant, makes such an attempt partieu- 
larly indicated. Again, the difficulties of frozen section diagnosis are men- 
tioned. If a diagnosis of malignancy is thus reached, radical neck dissection 
ean be carried out at the same operation. This seems preferable to waiting 
several days for permanent section, by which time inflammatory changes make 
the neck dissection less satisfactory, both from a technical standpoint, and 
probably also in terms of cure expectation. 





Kig. 6.—Close-up view of dissection of facial nerve in the course of superficial parotid lobec- 
tomy for mixed tumor. The cervicofacial and the temporofacial divisions are shown. 
The Role of Irradiation.—Ilvradiation therapy did not receive a sufficient 
trial in the present series to make possible a valid appraisal of its value. A 
few of the patients with mixed tumors were irradiated, but results were in- 
conelusive. Reports from Europe indicate high eure rates, 98 per cent five- 
year survival in Ahlbom’s 1953 report! in patients with benign mixed tumor, 
treated by combinations of local excision and irradiation. It is expected that 
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comparable results will oceur when adequate excisions are done without supple- 
mental irradiation. If for any reason complete surgical extirpation cannot be 
accomplished, then irradiation is to be employed. 

Table V indicates that irradiation was employed to some degree in 6 
patients in the malignant group. Conclusions regarding efficacy are not possible 
from this series. There are available well-documented instances of cure of 
parotid cancers by radiotherapy alone. It is certain that this modality should 
be employed in patients wherein adequate extirpative surgery is not possible. 
However, the clear evidence that irradiation seldom cures cervical lymphatic 
involvement makes advisable the employment of adequate resection as the 
procedure of choice for malignant parotid tumors. 


SUMMARY 


1. The clinical courses of 108 patients with parotid tumors seen at the 
Yale-New Haven Medical Center are reviewed. 

2. There were 88 mixed tumors, of which 20 represented recurrences, 
occurring after local excisions of inadequate extent. These patients did not 
do well after re-excisions. 

3. There were 20 patients with malignant tumors among the 108 neoplasms, 
of whom at least 12 are dead or living with disease. This poor result probably 
reflects inadequate therapeutic efforts. 

4. Six points of controversy in the treatment of parotid tumors are 
discussed, and tentative answers proposed. 
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DISCUSSION 
DR. H. P. ROYSTER (Philadelphia, Pa.).—I certainly agree with just about every- 

thing Dr. Shedd postulated, and I would like to add one thing, and that is the philosophy 
of the surgeon in the treatment of this disease. I believe that the parotid tumor is in 
exactly the same category as an abdominal or an ordinary tumor. We make a clinical 
diagnosis and we then explore the abdomen or the chest cavity to see whether we can 
confirm that. We probably would not bet a great deal of money most of the time on 
obseure abdominal or chest lesions. In the case of the parotid we think that we can make 
un aceurate diagnosis, but we have just as many surprises when we lay back the skin 
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flaps and explore the gland as we might from an obscure abdominal tumor. Therefore, on 
should always make a large incision as if to remove the entire gland and explore it completely, 
because many of them may be iceberg-like; however, enlarged superficial lymph nodes, 
tuberculosis, or cat-scratch disease, or other obscure diagnoses may be present. I believe 
that this concept is very difficult to get over to residents in training; however, once they 
have it and once they have done an operation by the technique that he described, I believe 
that they will be forever convinced. 

The other point that I would like to emphasize is the poor dependence that one can 
place on the frozen section. The clear-cut diagnosis of malignancy has as much chance 
ot being reversed when the paraffin sections come through as it does in being accurate. We 
have had one recent case of a tumor which invaded both the internal pterygoid and masseter 
muscles, and the sternomastoid, and we thought it clinically malignant, and on frozen section 
the diagnosis was ‘‘probably malignant.’’ It turned out to be malignant and the facial 
nerve fortunately was not sacrificed. The final diagnosis was papillary cyst adenoma with 
onocytic cells, a benign lesion. So I certainly believe that one must be careful in sacrificing 
the facial nerve or doing a neck dissection on a poor-risk patient merely on frozen section 


diagnosis. 


DR. J. D. HARDY (Jackson, Miss.).—We were with Dr. Royster and certainly would 
agree, of course, that the branches of the facial nerve are preferably carefully exposed. 
However, one very important point, we feel, is that most of the time there is going to be 
some temporary facial weakness on the side involved. Therefore, before the operation is 
done, the patient, his family, and above all his local physician, should be told that he probably 
will have a temporary weakness of the face but that it will return to normal in a few weeks. 


Thank you. 


DR. CHARLES ECKERT (St. Louis, Mo.).—We certainly agree with most of the 
things that have been said. However, we believe that implantation of tumor is a definite 
risk of open biopsy of parotid tumors when the flaps are reflected. At the Veterans Hospital 
in St. Louis, Coldwater did needle biopsy preoperatively on a series of 20 parotid tumors. 
Accurate diagnosis was made in 14 cases. At the time of surgical removal the entire tract 
of the needle biopsy is excised. Biopsy is used mainly to differentiate between the mixed 
tumors and the carcinomas of low malignancy, namely, the cylindromas and the muco- 
epidermoid carcinomas. The remainder of the carcinomas are anaplastic; diagnosis 
usually possible on the basis of clinical findings, and the results of treatment are poor, The 
use of needle biopsy requires further study. 


is 


DR. MILTON T. EDGERTON (Baltimore, Md.).—I think something that Dr. Eckert 
just brought up is rather important—the problem of aspiration biopsy, at least of parotid 
neoplasms. We’ve had one particular case recently with a history of 3 separate aspiration 
biopsies carried out in another state. A diagnosis of malignancy was established. Two 
weeks later these little puncture marks could not be made out grossly, yet is was possible, 
following surgery, on the examination of the serial sections of the specimen to demonstrate 
three separate and discrete areas of tumor implant. These were along the needle tract at 
varied levels under the skin surface. Dr. Ackerman has previously pointed out this danger 
clearly, and since then we have seen several examples of it. If aspiration biopsies become 
popular, we may find that we are going to have this problem increasingly. These biopsies 
should be performed by the surgeon who will do the definitive surgery, otherwise the puncture 
site may be placed where it will not be removed later. The traditional incisional biopsy at 
least has the advantage of identifying itself by the location of the scar. 

The other point that worries me is that I wonder if we are not doing a disservice to 
patients to continue the concept of ‘‘mixed tumor’’ as a benign disease. This tumor is 
certainly not as aggressive as some carcinomas, but, repeatedly, we have seen such patients 
with the same old story: repeated removals of a ‘‘mixed tumor,’’ ultimate change in the 
histology of these tumors, and finally death. Had these lesions been treated with more 
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respect at the outset, most would have obtained an almost certain cure. Many parotid 
tumors with ‘‘mixed’’ elements are cylindromas and the dangerous potential of these tumors 
must be separated from that of the ‘‘mixed tumor’’ that is more prone to local recurrence. 


DR. G. B. SANDERS (Louisville, Ky.).—I hesitate to take the time of the Society 
any further, but I would like to ask Dr. Shedd one question and perhaps some of you also 
have had experience and have formed definite ideas about it, and that concerns the handling 
of the facial nerve in proven cases of carcinoma of the parotid. It seems to me that one gets 
the impression that the facial nerve is more or less accidentally sacrificed during the total 
broad resection for cancer. I wonder if that is a good thing. I wonder if the nerve 
shouldn’t be deliberately extirpated down to and into the stylomastoid foramen for this 
reason: In a small series of 6 cases of carcinoma I have deliberately done this and taken 
tissue from the stylomastoid foramen, and have found cancer there in 3 cases. 


DR. DONALD P. SHEDD (closing).—It is difficult to answer Dr. Sanders’ question 
about the handling of the facial nerve. I am sure that anyone familiar with the literature 
on this subject knows the variation in recommendations from complete sacrifice in all cancers 
down to the possibility of saving certain branches situated at a distance from the tumor. 
Such preservation is probably justifiable in the more low-grade malignancies. It would be 
of interest to hear the viewpoint of others present on this point. 

The second concluding remark pertains to the choice between an aspirational biopsy 
and a small incisional biopsy. It probably makes little difference which method is employed 
and the choice is a matter of personal preference, 

The final point is in regard to Dr. Edgerton’s remark about the meaning of the term 
‘‘benign’’ as applied to the mixed tumors. Dr. H. 8. N. Greene at Yale has noted that the 
‘‘benign’’ mixed salivary gland tumor is one of the very few allegedly benign tumors which 
will grow in heterologous transplants to the anterior chamber of the guinea pig’s eye. This 
degree of autonomy is indication of the fact that its benignity is a relative state. 
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LTHOUGH the implantation of radon seeds or radium needles into non- 

resectable tumors at operation has become accepted surgical practice, 
there are certain severe limitations, in that the radioactive sources must be 
available at the time of operation, the operator must accept a substantial ra- 
diation exposure during the procedure, and the radiation sources in the 
“ase of radium needles must be removed, a somewhat difficult and dangerous 
procedure inside the abdomen or chest. While a number of efforts have been 
made to circumvent these difficulties, the present method appears to be the 
most flexible and generally applicable. Volume and planar implants are 
made at operation using fine polyethylene tubing or absorbent material con- 
tained in polyethylene envelopes. These are subsequently charged with 
isotope in solution. The isotope solution may be removed or replaced as 
desired and the choice of isotope is unlimited. The applicator itself causes 
little reaction in the tissue and may be left in place indefinitely. The investi- 
gation of dosimetric problems for various isotopes, the exploration of the 
method in experimental animals, and the elinieal trial in a small series of 
patients with inoperable tumors form the basis for this report. 

In performing a volume implant, polyethylene tubing* alone is used. 
This is kept sterile and available at all times in the operating room. Using 
ordinary needles of various sizes the tubing is threaded around and through 
the tumor following as closely as possible the Paterson-Parker distribution 
rules. Three-fourths of the tubing is evenly distributed on the periphery of 
the tumor and one-fourth is placed evenly through the volume. The tubing 
is spaced about 1 em. between turns and careful measurements are made ot 
the length of tubing comprising the implant and of the ends leading from it. 
The ends of the tubing are brought out through the wound and left long, one 
end being longer than the length of tubing in the implant. During this proe- 
ess the tumor is disturbed and handled as little as possible. The tubing may 
be filled with mereury and the distribution checked by roentgenography be- 
fore closing the abdomen. This permits careful, painstaking placement of the 


This study was aided by_grants from the Damon Runyon Memorial Fund and The 
Douglas Smith Foundation for Medical Research of the University of Chicago. 
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*Clay Adams PE 10, outer diameter 0.61 mm., inner diameter 0.28 mm. 
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implant without exposure of the operator to radiation. Nearby vulnerable 
organs may be displaced surgically away from the implant to whatever extent 
is feasible. This last point is of considerable importance since the radiation 
field outside the implant falls off very rapidly, and a centimeter or so of dis- 
placement reduces the dosage to one-half or less of that within the implant. 
This permits the radiation dosage in the implant to be inereased by a factor 
of two or more over that which can be tolerated by external radiation, where 
the dosage must necessarily be limited in the abdomen by the tolerance of the 
howel wall to 5,000 to 6,000 r. 





Kig. 1.—Polyethylene tubing implant in carcinoma of head of pancreas. The tubing has been 
filled with mercury for x-ray visualization (see Case 8). 

After the implant is made the patient is allowed to recover from the 
operation to whatever extent is necessary. Steps are taken to procure the 
desired isotope or the patient may be sent to another institution for adminis- 
tration of the isotope. 

In preparation for administration of the isotope, the tubing is cleaned 
with distilled water and dried with aleohol and ether and then filled with 
clean mereury. Roentgenograms are then taken and from these the volume 
of tissue to be irradiated in the implant can be measured and the quantity of 
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isotope desired can be ealeulated. Fig. 1 shows such an implant in the head 
of the pancreas with the tubing filled with mereury for purposes of radiog 
raphy. One method of administrating the isotope is shown in Fig. 2. The 
tubing is marked as shown where AB equals CD and DE equals FG. The 
distance DE is measured at the time of surgery and CD is the difference ot 
AD measured at surgery and AC. The tubing is filled with mercury and the 
long end on which the distance FG is marked is placed in the centrifuge tube 
containing the isotope solution of proper concentration which is drawn up by 
suction with the syringe until the solution reaches point F. The end of the 
tubing is then withdrawn from the centrifuge tube and the isotope is drawn 
into the implant until the head of the column of isotope solution appears at 
point C beyond the tumor. The syringe is then removed from the tubing and 
the mereury is allowed to drop back to point B forcing the isotope solution 
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Fiz. 2.—Diagram showing method of introducing isotope solution into tubing implant. 


back to point D. When this procedure is carried out properly the isotope is 
in the tubing within the tumor and the tubing leading to the implant contains 
air or mereury. The ends of the tubing are sealed with heat and pressure 
and left long. The whole procedure usually takes about a minute and ex- 
posure to the operator is of the order of 10 mr. in handling 100 me. of I'*. 
If it is necessary to re-explore the patient the isotope may be removed and 
later replaced without difficulty. Similarly the isotope can be removed prior 
to autopsy. The tubing is left in place after radiation therapy is completed, 
the ends are cut short and sealed and allowed to retract beneath the skin 
where they cause no difficulty. 

Planar implants are constructed by sealing a sheet of absorbent material 
such as blotting paper into a thin polyethylene envelope into whose edge is 
sealed a length of fine polyethylene tubing. These applicators are tested for 
leaks by evacuating them and placing them under water. They are kept 
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sterile, submerged in Zephiran solution in the operating room. At operation 
an applicator of appropriate size and shape is fixed in place against the sur- 
face to be treated with sutures previously sealed into the border. The fine 
polyethylene tubing is led out through the wound or left in a small coil 
beneath the skin. The isotope is administered at any desired later date by 
injecting it with a shielded syringe through the fine polyethylene tubing, 
using a large enough volume of solution to saturate the absorbent sheeting 
in the implant completely, thus producing a uniform distribution of the iso- 
tope. This distribution may be altered as desired by modifying the shape of 
the absorbent sheet. The isotope may be removed from such an applicator 
to any desired extent by repeated washing with a solution containing carrier, 
although this procedure does involve some radiation exposure. The applicator 
as before is left in situ where it causes no difficulty. 


TABLE I. LINEAR ABSORPTION COEFFICIENTS IN WATER 
(FRACTION ABSORBED PER CENTIMETER) 















































= AVERAGE AVERAGE 
TRUE ABSORPTION | COMPTON SCATTERING 
ISOTOPE COEFFICIENT | COEFFICIENT 
Radium .037 -0585 
[131 037 .0785 
Cs131 1810 2010 
TABLE II 
| r/uR./ac. | AVERAGE | MC. HR. MG. HR. Ra EQUIV. 
ISOTOPE | AT 1 CM. LIFE | MG. HR. Ra | MC. DESTROYED 
Radium (0.5 mm, 
Pt filtration ) 8.7 _ _ 
q131 2.251 11.5 days 3.56 y ip'e 
Cs131 1,27 14.4 days 7.25 48 








In considering the various available isotopes for use in such an implant 
it must be emphasized that we are dealing exclusively with gamma radiation. 
The effects of the beta radiation emitted by an isotope in such an implant are 
incidental, causing very high, cauterizing dosage in the millimeter or so of 
tissue immediately adjacent to the implant. While it is possible that a planar 
implant could be used in this way to cauterize an extensive surface such as 
the bed of a tumor, we have not explored this approach except ineidentally® 
and have confined our efforts to gamma ray fields.** It seemed desirable to 
compare the radiation field in tissue produced by radium or radon with that 
produced by other gamma emitters. Two isotopes were chosen, I'*! because it 
is cheap and readily available and has suitable gamma radiation and Cs1*! * 
heeause of its unique properties in emitting only the soft (30,000 v.) mono- 
chromatic fluorescent x-rays produced following electron capiure. The true 
absorption coefficients and scattering coefficients for these radiations are com- 
pared in Table I. 

Relative dose measurements surrounding small sources of these isotopes 
were made using small ionization chambers* '' and comparing the dosages at 
various distances from the sources in air and in a water phantom. These data 
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are shown in the diagram in Fig. 3. The water to air dose ratio indicates very 
nearly to what extent geometric attenuation of the radiation field according 
to the inverse square law is distorted by absorption and by seattered radia- 
tion surrounding the point sources in tissue (assumed the same as in water). 
Examination of Fig. 3 reveals a progression from the very strong gamma 
‘adiation of radium through the weaker gamma radiation of I'*! which is seat- 
tered somewhat more, to the weak x-rays emitted by Cs'*' which are absorbed 
and seattered strongly. It seems reasonable to suppose that gamma radiations 
of intermediate energy should occupy intermediate positions. The increased 
water dose as compared to the air dose close to the Cs'*' source is due to the 
greater back seattering characteristic of soft x-rays. 
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Fig. 3.—Water to air dose ratios surrounding small gamma ray sources 
Wootton, Shalek, and Fletcher"). 


(radium values from 


The calculations of the Paterson-Parker distribution rules for radium 
assume that deviations from the inverse square attenuation are negligible and 
we see that this assumption is also perfecty valid for the iodine gamma radia- 
tion and for small Cs"! implants. For larger cesium implants it would be 
necessary to increase the quantity of isotope in the core of the implant to 
maintain an even radiation field. Thus the basic assumptions of the Paterson- 
-arker distribution may be transferred to other gamma emitters without im- 
portant corrections. The Paterson-Parker tables should be more suitable for 
this application than the Quimby tables which include the effects of oblique 
filtration from the platinum shielding of the radium needles. For dosage 
‘aleulation, then, it is necessary only to know the number of roentgens per 
hour at 1 em. from a 1 me. source of the isotope in air in order to determine 
proper conversion factors for the conventional radium tables (Table II). 
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An attempt was made to measure directly the caleulated radiation dosage 
inside a polyethylene tubing implant constructed in a paraffin phantom. The 
implant was cylindrical, 5 em. in diameter and 5 em. long. A photographie 
film placed in a plane along its axis indicated that the radiation field inside 
the implant was quite uniform up to 5 mm, from the edge of the implant. A 
100 r Victoreen ionization chamber was placed within the implant so that the 
sensitive volume of the chamber lay along a transverse diameter of the im- 
plant at its center. An estimated correction factor was used which lay be- 
tween that for 250 kilovolt peak x-rays and cobalt gamma rays. The values 
measured this way agreed within 5 per cent of the calculated values. The 
amount of isotope was determined by comparison with a sample calibrated by 
the Bureau of Standards. 


p Ist 


cs! 








SOOOR 


7 lOOOOR aaa 


lOXIO CM APPLICATOR 


Fig. 4.—Isodose curves in vertical plane through center of 10 xX 10 cm. plane applicator. 
Isotope density: for I .70 me. per square centimeter; for Cs! 3.6 mc. per square centimeter. 


Complete decay of isotope is assumed. 











The dosimetry surrounding planar implants was worked out from the 
gradients in Fig. 3 using the methods of graphical integration. Fig. 4 shows 
typical curves obtained in this way surrounding a 10 by 10 em. implant. 
Again direct measurements in an experimental animal using Sievert chambers 
calibrated for I’*! gamma radiation gave results which agreed with the ealeu- 
lated values within the limits of error of the measurements. 

An additional advantage which can be achieved by using isotopes other 
than radium with somewhat lower energy gamma radiation is that such radia- 
tion can be shielded much more easily than can the stronger gamma. This is 
one of the principal advantages of using C's’! radiation, whose half value 
layer in lead is about .02 mm. Thus thin lead foil will produce almost ecom- 
plete shielding of the Cs**! radiation. This facilitates the problems of handling 
large quantities of isotope considerably, as even ordinary glassware made out 
of lead glass will produce perfectly adequate shielding for the cesium radiation. 
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Apart from these considerations the use of Cs**' radiation in tissues offers 
definite advantages in that the attenuation of the radiation in tissue (see Fig. 
3) is much greater than for the stronger gamma radiation. Thus a much more 
localized radiation field can be produced in an implant, and outside the im- 
plant at a distance of 10 em. the radiation of other tissues is reduced to one- 
fifth of that produced by the harder gamma rays. This should reduce greatly 
generalized reactions, radiation sickness, secondary anemia, and so forth, 
which in large implants become limiting factors in the amount of radiation 
given to a tumor by these methods. For these reasons it is hoped that Cs'*! 
may eventually be produced in quantities sufficient for more than exper'- 
mental use. For the practical reasons mentioned above, however, most of 
our experimental work in animals and patients has been confined to the use 
of I’, This isotope is prepared for administration in the following manner: 

A quantity of I'** that is about 20 per cent in excess of the required 
amount, in a 5 to 10 ¢.e. volume, is placed in a conical centrifuge tube. One 
or 2 mg. of potassium iodide are added as carrier, and the iodine is precipi- 
tated as silver iodide with a 50 per cent excess of silver nitrate. The solution 
is acidified with nitrie acid, digested at 70° for an hour to floeculate the pre- 
cipitate, and then centrifuged. The supernatant is decanted, and the pre- 
cipitated silver iodide is dried with a-stream of air in the dark at room tem- 
perature. The supernatant is surveyed to check the completeness of the pre- 
cipitation, which is usually about 99 per cent. The centrifuge tube containing 
the isotope is handled at all times in a lead-shielded container to minimize 
exposure. The total body exposure to the operator, determined by a pocket 
dosimeter during the processing of 200 me. of ['*! without taking extraordi- 
nary precautions, was 7 mr. 

The silver iodide is prepared for placement in the implant by dissolving 
it in a sufficient volume of saturated potassium iodide to give the correct num- 
ber of millicuries per em. of tubing. This is accomplished with sufficient ac- 
curacy by filling an appropriate length of the polyethylene tubing with satu- 
rated potassium iodide and discharging it onto the silver iodide precipitate, 
which dissolves readily. 

It was thought desirable to investigate the effect of iodine*! beta radia- 
tion on tissue in the region immediately adjacent to the source. An experi- 
ment of this sort is illustrated in Fig. 5. Here we see the reaction in dog liver 
surrounding a fine polyethylene tube containing 1 me. per centimeter of 1*”’ 
implanted thirty days previously. It can be seen here that the tubing becomes 
surrounded by a tract of almost acellular necrotic sear tissue. The radiation 
dosage from the beta rays measured at the border of this tract under the cir- 
cumstances described is about 300,000 rep. or about 10 times as great as the 
gamma ray dosage at the same point. Actually, in a conventional radium or 
‘adon implant each source is likewise surrounded by a very intense gamma 
ray field although there is no question that the addition of the beta radiation 
field accentuates this. Our principal concern in connection with this matter 
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in using the method clinically was in what might happen to a large blood ves- 
sel which accidentally was transfixed when placing the polyethylene tubing. 
With this in mind an experiment was performed on 3 dogs in which poly- 
ethylene tubing was sewed back and forth between the aorta and vena cava 
transfixing both walls of each vessel several times. This was subsequently 


iil 





sear tissue 
of I! (thirty days). Diam- 


Fig. 5.—Photomicrograph (X10) of dog liver showing tract of acellular 


surrounding polyethylene tubing containing me. per centimeter 
eter of tract is 2 mm. 

filled with I! at a concentration of 1 me. per centimeter. None of these ani- 
mals showed any adverse effect and at autopsy three months later there was 
no evidence of necrosis of the vessel walls or of thrombosis or fistula forma- 
tion. It seems reasonable to suppose that the small regions of the vessel wall 
which are obviously killed by the intense beta radiation field then act as small 
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grafts which are ultimately replaced like any other vessel graft. This ex- 
perience was borne out by subsequent clinical experience in which a patient 
who died nine months after an implant was found to have the splenic vein 
transfixed by polyethylene tubing in the process of forming an implant for 
earcinoma of the pancreas. The splenic vein was patent and unthrombosed 
and in this particular case there appeared to be no adverse effect. 





lig. 64.—3.1 cc. implant in head of pancreas of dog. Thirty-two me. were placed giving a 
radiation dosage of 33,000 r. 

In another experiment an attempt was made to see how high the radia- 
tion field could be made in a small implant without seriously affecting the 
animal. Fig. 6 shows such an experiment in which the uncinate process of the 
pancreas in a dog was folded upon itself without disturbing the blood supply 
so as to form a small mass roughly spherical with a volume of about 5.1 ©¢.c. 
This was implanted as shown (Fig. 6 4) with polyethylene tubing and 32 me. of 
['*! were placed in the tubing to give a radiation dosage of 33,000 r. The 
microseopie section shows the findings at autopsy sixteen weeks later. The 
dog had shown no adverse effect. The microscopic section shows a complete 
destruction of the region of the pancreas inside the implant with only sear 
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tissue and ghost cells of the acinar tissue remaining. There is a fairly sharp 
transition to normal pancreas at the edge of the radiation field and the nearby 
duodenum is undamaged. This experiment illustrates well the remarkable 











Fig. 6B.—Photomicrograph (x10) of region of implant sixteen weeks later showing undamaged 
duodenum and complete destruction of acinar tissue in implant. 





localization of the radiation field in this type of implant and the excellent 
tolerance shown by the animal to destruction of small volumes of tissue in 
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this manner. In 5 other animals in which this experiment was repeated ai 
similar radiation levels the region of the implant became liquefied, forming 
an abseess which in all but one case drained spontaneously into the duodenum 
This experiment illustrates well the possibility that implant methods may be 
used to produce small destructive radiation fields far above the ordinary 
therapeutic levels with relative safety if the radiation field is removed even a 
small distance from vulnerable organs such as the bowel. 























Experiments with planar sources in animals are illustrated in Figs. 7 and 
8 which show an applicator in place in the mediastinum of a dog and the local 
effects on the immediately adjacent lung tissue. 





.- 





Fig. 7.—Roentgenogram of experimental animal showing 3 by 15 cm. plane applicator in 
mediastinum. Sievert chambers are visible in the esophagus. 

For elinieal trial of this method our principal effort was for several rea- 
sons directed toward carcinoma of the pancreas. This disease is from a prac- 
tical point of view incurable by radical surgery, even though it appears 
resectable. The tumor is usually quite localized and amenable to implant 





therapy, and the radiation dosage which it is possible to achieve with implants 





is considerably higher than the levels which have been previously explored in 
this disease. We could find no evidence in the literature that radiation of the 








Volume 40 ISOTOPE IMPLANT TUMOR THERAPY 


Number | 


(X10; 


cellular 
centimeter ). 


Note acellu- 
more 
square 


much 


is 


Photomicrograph 
per 


(six weeks). 
B, 
fibrous capsule 


density 


1.60 me. 


‘31 applicator 


centimeter ). 


square 
the 


Here 


me. per 
(isotope 


absent 


1 
(six weeks). 
is 


density 


— 
- 
= 
~ 
= 
i 
- 
-) 
ps 
~ 
=) 
=~ 
Y 
Y 
= 
—_ 
5 
ob 
o 
= 
~~ 
> 
° 
of 
= 
= 
= 
_ 


(isotope 


4) of 
beta-ray field 


reduced 
radiation 


of lung of dog in contact with Cs™! applicator 
action of the 


(x10; 
beta 


from 


destructive 


Photomicrograph 
resulting 
the 


A, 


Fig. 8. 
fibrous layer 
reduced \ ) 
than with I! since 


lar 








HARPER ET 





all seems 


pancreas might predispose to pancreatitis. In fact the evidence* ° 
to point to the fact that secretion of the acinar tissue is suppressed by radia 


tion, which should have the opposite result. 






The procedure was attempted in 9 cases and successfully completed in 7, 
The following are case 







none of which was sufficiently early to be resectable. 
All radiation dosages are 
the isotope. 


‘aleulated assuming complete decay o 


I 


-76-16) This 56-year-old man had a 150 Gm. tumor of the body 
This was implanted with tubing and 


CASE 1—(A. S., No. 
of the pancreas which was first discovered at operation. 


The tubing was withdrawn from tlie 


in the process the hepatic artery was perforated twice. 


hepatic artery and bleeding ceased promptly. There were no apparent ill effects. 


The patient at first did well after the operation, but soon 


became severely depressed, refused to eat, and finally died of inanition three weeks after the 


cystogastrostomy was performed. 


No autopsy was obtained and no isotope had been placed in the tubing. 


CASE 2.—(L. M., No. 58-65-08) This 55-year-old woman had a mass in the pancreas that 
was discovered in May, 1953, during cholecystectomy. She was re-explored in August, 1953, 
for continued back and epigastric pain, and the tumor was found to have extended around 
the root of the mesentery. She was again re-explored at this hospital on Nov. 5, At 
operation, a large tumor, weighing about 135 Gm., in the head and body of the pancreas was 
It was impossible to place the core of the implant symmetrically 
The common 


implanted with tubing. 
because the superior mesenteric artery and portal vein traversed the implant. 
duct was transplanted to the greater curvature of the duodenum, and the pylorus was trans- 
sected and an anterior gastroenterostomy was performed, allowing the stomach to be dis 
placed to the left side of the abdomen, away from the implant. 
This gave a ealeulated dose of about 5,000 r to 
The 


One week after operation, 
135 me. of I!%1 was placed in the tubing. 
the lowest point in the implant and an average dose of 13,500 r over the whole implant. 





patient tolerated this well, without evidence of radiation sickness and her appetite remained 
Four weeks after isotope administration she developed a severe anemia (hemoglobin 
This responded during the next 


8.0 Gm. per cent), and leukopenia (leukocyte count 1,900). 


The patient’s epigastrie pain 


three months to repeated transfusions and supportive therapy. 


and back pain were much improved so that she was able to discontinue completely the use 


Her tumor mass decreased slightly in size, and the skin over it became tanned 


of nareoties. 


she be- 


from the radiation coming outward from the implant. Six months after treatment 


The patient became severely 


gan to fail and numerous abdominal masses became palpable. 


jaundiced and died on June 8, 1954. No autopsy was obtained. 


CASE 3.—(M. S., No. 58-90-08) This 66-year-old woman had a history of back pain, 


») 


weight loss, and anorexia for nine months and had a moderate obstructive jaundice for 
She was explored on Dee. 5, 1953, and a small tumor (15 Gm.) of the pancreas 01 


distal common duct was implanted wiih polyethylene tubing. The common 


10, 


1953, 10.6 me, of radioactive iodine were placed in the tubing, and 5 days later this was 


planted to the greater curvature of the duodenum to relieve the obstruction. 


removed and replaced with 21.38 me. which gave a ealeulated total radiation dosage of 9,200 r. 
She did 


The patient’s jaundice disappeared but she continued to have pains in her back. 


radiation. 


fairly well for three months and there was no apparent adverse effect from the 


1954, when she complained of nausea and vomiting. 


She was hospitalized again on Jan. 9, 
Roentgenograms of the duodenum adjacent to the implant did not reveal any abnormal con 


1954. 


Further studies revealed a marked uremia. The patient expired on March 23, 


Grossly, there was 


At autopsy, the cause of death was attributed to chronie pyelonephritis. 


little evidence of tumor, but microscopic studies revealed that the carcinoma was invading the 


In the region of the implant, the tumor showed marked regression 


peripancreatic tissues. 
und there was some evidence of fibrosis in the duodenum adjacent to the implant. 
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CaSE 4.—(H. T., No. 59-30-17) This 42-year-old man gave a five-month history of ab- 
dominal and back pain and a 50-pound weight loss. The character of his stools had changed 
to an oily amber liquid that frequently floated on top of the water. Physical examination was 
not remarkable. Laboratory data showed 1+ reduction in the urine, and the glucose tolerance 
curve was markedly diabetic. Roentgenograms were negative. On Feb. 1, 1954, an explora- 
tory laparotomy was done at which time a carcinoma was found that involved almost the 
entire pancreas and the surrounding tissues. There was some local lymph node involvement 
and a few small metastases to the undersurface of the liver. A gastrojejunostomy, chole- 
eystoduodenostomy, and splanchnicectomy were done, and the tumor was implanted with 
polyethylene tubing. The patient made an uneventful recovery and on Feb. 11, 1954, 176 me. 
of iodine were placed in the tubing. The radiation dosage in the implant was difficult to 
estimate because of the peculiar elongated shape of the tumor. The volume was estimated 
at about 150 ¢.c., and the radiation dosage at about 8,600 r. The patient was discharged on 
Feb. 19, 1954, and returned to work three weeks later. His back pain was nearly gone, and 
his only complaints were persistent diarrhea and inability to gain weight. Four weeks after 
isotope administration he developed marked leukopenia and anemia, which required no par- 
ticular treatment and regressed spontaneously. He continued to do well until about May 1, 
1954, when he was readmitted for splanchnic blocks because of recurrence of pain, At this 
time, a hard mass was palpable in the epigastrium. Splanchnie block gave some relief from 
pain. The patient expired suddenly on June 19, 1954. Autopsy revealed a large tumor mass 
in the region of the pancreas with extensive spread to the liver and the gastrocolic omentum. 
There was not much evidence of regression of the tumor from the radiation and there was 
no apparent damage to any of the other intra-abdominal structures, The portal vein was 
patent. There was no apparent reason for the sudden cause of death. 


Case 5.—(R. H., No. 59-93-87) This 50-year-old man had a carcinoma of the head of 
the pancreas that was discovered at laparotomy. The pancreas at this time was extensively 
mobilized, and cholecystojejunostomy was performed. Four weeks later he was re-explored 
The operation presented extreme technical difficulty because of the extensive 


at this hospital. 
While the pancreas was being mobilized, the 


fresh adhesions from the previous operation. 
portal vein was torn, and the resulting hemorrhage could not be controlled. The patient ex- 


pired and no autopsy was obtained. 


Case 6.—(J. B., No. 60-10-62) This 59-year-old man complained of severe burning 


abdominal pain for one year and loss of 25 pounds in the six months prior to admission. He 
had also recently developed a steatorrhea, and in the course of his work-up was found to be 
diabetic. Physical examination was otherwise negative, and roentgenograms revealed a 
pyloric lesion of undetermined nature. On May 21, 1954, the patient was explored, and a 
large tumor mass of about 120 Gm. was found in the head of the pancreas. Anterior gastro- 
jejunostomy following transsection of the pylorus, choledochojejunostomy, and cholecyst- 
ectomy were performed, and the tumor was implanted with polyethylene tubing. Following 
this operation the patient became jaundiced and was re-explored one week later, at which 
time an obstruction of the choledochojejuncstomy was found, caused by inspissated bile. 
This was relieved, and a transjejunal catheter was left in the common duct. The patient 
made a good recovery from the second operation except for a slight wound dehiscence, and 
on June 2, 1954, 97.3 me. of iodine was placed in the implant giving a total dose of 8,900 r. 
The core of this implant was displaced somewhat by the portal vein and superior mesenteric 
vessels (Fig. 9). The patient got along fairly well and did not show evidence of radiation 
sickness. He developed leukopenia (leukocyte count 1,900) four weeks following the ad- 
ministration of the isotope which was transient. 

Following removal of the common duct catheter one month after operation, a persistent 
jejunal fistula remained, which subsequently communicated with the opening in the abdominal 
wound. The patient had several febrile episodes that responded to Gantrisin and were inter- 
preted as being caused by cholangitis. He gradually became weaker and became jaundiced 
on Aug. 14, 1954, and died on Aug. 16, 1954. Throughout his postoperative course he was 
free from pain. Autopsy revealed regression of the tumor, although it was not possible to 
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B. 


Fig. 9.—Anteroposterior (A) and lateral (B) views of implant in Case 6 Volume of 
tissue in implant: 121 ¢c.c.; amount of isotope: 90 mc.; calculated gamma ray dosage: 9,500r. 
Core of implant is displaced by portal vein. 
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separate the radiation effect from the spontaneous regression characteristic of these sclerosing, 
mucous-secreting tumors. There was no evidence of further spread or radiation damage to 
other organs. The fistula from the jejunum communicated with the implant which was in- 
fected, and the cause of death was a septic thrombophlebitis of the portal vein. 


Case 7.—(T. D., No. 60-43-91) This 49-year-old woman complained of weakness for 
three months, a 20-pound weight loss in the previous two manths, anorexia for six weeks, 
and increasing jaundice for six weeks. Physical examination was negative except for jaun- 
dice, and laboratory examination revealed an obstructive type of jaundice. On July 2, 1954, 
the patient was explored and a 35 Gm. carcinoma of the distal common duct or pancreas was 
found. A gastrojejunostomy and cholecystojejunostomy were performed, and the tumor mass 
was implanted with polyethylene tubing. The patient made a rapid recovery, and in July, 
1954, 28.5 me. of iodine were placed in the tubing giving a total dose of 7,400 r. She had 
no adverse effect from the radiation and did well until the beginning of February, 1955, when 
she developed abdominal pain, nausea, vomiting, and chills. On exploration on March 29, 
1955, a bile peritonitis was found resulting from a ruptured liver abscess, The tumor had im- 
planted itself along the suture line of the cholecystojejunostomy which was revised and there 
was no apparent change in the appearance of the primary tumor. The patient did well in 
the immediate postoperative period but then began to weaken, ran a febrile course which did 
not respond to antibiotics, and gradually failed and expired on May 8, 1955. An autopsy 
revealed the cause of death to be cholangitis with multiple liver abscesses. There was no 
evidence of much damage to the primary tumor from the radiation field from the implant. 

Case 8.—(T. R., No. 60-97-75) This 73-year-old man began having abdominal pain in 
October, 1953, developed jaundice in December, 1953, and in June, 1954, was seen in another 
clinic where a tumor of the pancreas was diagnosed. On Aug. 25, 1954, the patient was ex- 
plored in another hospital and a tumor in the head of the pancreas, about 25 Gm. in size, 
was implanted with polyethylene tubing. The patient recovered well and was transferred to 
the University of Chicago Clinics where on Sept. 21, 1954, 30 me. of 1131 were placed in the 
implant giving a calculated dosage of, 9,200 r in the tumor. The patient, who left the hos- 
pital immediately, had no reaction whatever to the radiation therapy. He did moderately 
well until December, 1954, when he began losing weight and he expired in February, 1955. 
No autopsy was obtained. 

CaSE 9.—(R. Z., No. 61-37-49) This 66-year-old man, after feeling poorly and anorexic 
for several months, became jaundiced on Sept. 23, 1954. On Oct, 1, 1954, an exploratory 
laparotomy in another hospital showed a large carcinoma of the head and body of the pan- 
creas which was implanted with polyethylene tubing. He was admitted to the University 
of Chieago Clinics on Noy. 10, 1954, having recovered from the laparotomy. Measurements 
indicated an implant volume of 84 ¢.c., and 71 me. of 1151 were intreduced into the tubing 
giving a calculated radiation dosage of 7,800 r. The patient had no adverse effect from this 
radiation and did well until about Mareh 1, 1955, at which time he rather rapidly lost his 


appetite, went downhill, and died on March 21, 1955. 


In all these cases the malignaney was histologically verified. There was 
remarkable little reaction in terms of radiation sickness. Anemia secondary to 
the radiation was evident in those patients receiving 100 me. or more of I'*'. 
In all the patients in whom pain was a presenting symptom there was marked 
or complete relief. Whether this is due to the effect of the radiation on the 
tumor or to the suppression of secretion in the acinar tissue of the pancreas 
blocked by the tumor is of course not clear. In some eases there seemed to be 
response of the tumor to the radiation and in others there did not seem to be 
very much. It is evident that the level of radiation dosage to be effective in 
these tumors must be quite high. In four of the patients the portal vein 
traversed the implant and this caused no apparent harm, except in the case 
where the implant became infected. 
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We feel on the basis of this brief experience with radiation therapy in 
advaneed carcinoma of the pancreas using implant technique that a high level 
of loeal radiation of the order of 10,000 r may well be beneficial in a number 
of cases, and we feel that it is certainly justified to continue the exploration of 
this method in an attempt to find at least some partial solution to this vexing 
problem. It is also possible that in small early tumors an attempt at implant 
therapy might be made using very high levels of radiation dosage with the 
possibility of cure. If such a procedure were attempted it would probably be 
wise to omit placing the core of the implant so that the tubing would only 
surround the tumor. This would reduce the possibility of spreading and im- 
planting tumor cells within the abdominal cavity at operation. Such a pro- 
cedure is only justified by the extremely poor results after attempted surgical 


removal. 
Polyethylene applicators have been used in two other patients for local 


radiation therapy : 


Case 10.—(S. P., No. 61-77-51) This patient was a 62-year-old man with a five-year 
history of pain in the back and legs. Biopsy of a bony lesion at another hospital had re- 
vealed multiple myeloma and x-ray therapy of the skull had resulted in healing of local 
lesions. Extensive involvement of the lumbosacral area developed with a protrusion of a 
large tumor forward into the pelvis. This was treated to the limit of tolerance with external 
radiation and partially controlled. The tumor, however, continued to obstruct the vessels of 
the pelvis and severe edema of the legs developed. Treatment with urethane was ineffective 
and surgical exploration was carried out on May 13, 1955, with the idea of partly removing 
the obstruction to the venous return from the legs. The tumor turned out to be much too 
vascular to permit resection and, as an alternative, 2 large cylindrical implants were placed 
within the tumor. On June 9, 1955, sufficient 1151 was placed in the implant to give a dosage 
of about 1,500 r over a period of one week following which the isotope was removed. The 
dosage was limited in this case because of the fear of damage to the bowel on account of 
the previous heavy radiation therapy. Following this there was marked improvement in the 
patient’s condition and the swelling of his legs was reduced so that he could walk around 
comfortably. The patient was discharged on July 3, 1955, and did very well at home for 
about two weeks, following which he lost his appetite, developed fever, and was readmitted 
on July 25, 1955. In the hospital he went downhill very rapidly and died with a severe septic 
course. At post mortem it was found that the central portion of the large tumor mass in 
the pelvis had become necrotic, which accounted for its decrease in size and then subse- 
quently had become infected, which accounted for the subsequent septic complications. It 
was impossible to say from pathologie evidence whether the necrosis was directly due to the 
implant. 

Case 11.—(S. H., No. 58-33-38) This 35-year-old man was treated for a squamous car- 
cinoma of the ethmoid sinus with supervoltage radiation therapy with local radiation dosage 
of 6,300 r in 65 days. This treatment controlled the growth of the tumor for a period of 
about one and one-half years, following which he developed headache and pe.sonality changes 
suggestive of a frontal lobe lesion. Craniotomy on Aug. 10, 1955, revealed extensive involve- 
ment of the right frontal lobe with tumor extending through the cribriform plate. This was 
removed and the region of the cribriform plate was covered with a plane applicator 2.25 em2 
in area as it was impossible to excise this portion of the skull. The patient recovered well 
from the operation and five days later 15.5 me. of radioactive iodine were placed in the ap- 
plicator to give a total dose of 7,500 r at a distance of 15 mm. from the center of the appli- 
eator. Subsequently tumor nodules high in the nose were implanted with radon seeds (Fig. 
10). Reeurrence of tumor within the nose was first noted on Nov. 12, 1955, following which 
it has continued to grow until the present time. 
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DISCUSSION 


The application of interstitial radiation therapy to localized malignant 
tumors using the present or any other method will certainly never become a 
panacea. We have been able to show, however, that this can be accomplished 
using the present method with the minimum of discomfort and damage to the 
patient and without hazard to the operator. It is a method which can be made 
available with a minimum of planning and the administration of the isotope 
‘an be in many instances handled at a large medical center where the patient 
may be sent subsequent to the implant. 

It might be considered justifiable in reealling the high mortality involved 
in experiments with radical surgery to attempt more vigorous local radiation. 
This is a procedure which a surgeon might be somewhat less reluctant to carry 
out using a method which does not involve definite hazard to the operator. 


SUMMARY AND CONCLUSIONS 


A method has been presented for constructing isotope implants in internally 
situated tumors at operation in which the applicator is subsequently charged 
with isotope, thus avoiding exposure to the operator. Dosimetrie considerations 
are discussed and aniimal experiments are presented together with clinical 
experiences in a series of patients with carcinoma of the pancreas. It is felt 
at the present time that this method offers definitely increased flexibility in 
handling some of the problems of advanced cancer. 


We wish to express our gratitude to Dr. Lester Skaggs and his staff for their many 
suggestions in connection with these studies, and to Dr. J. W. J. Carpender and his staff for 
their advice in the management of the clinical cases. We wish also to acknowledge our debt 
to Dr. W. E. Adams and Dr. J. P, Evans to whom is due much of the credit for initiating the 
studies on the plane applicators. 
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MEETING OF THE SOCIETY OF UNIVERSITY SURGEONS 
FEB. 9-11, 1956, INDIANAPOLIS, INDIANA 
BEN EISEMAN, M.D., DENVER, CoLo. 


The seventeenth annual meeting of the Society of University Surgeons was held in 
Indianapolis, Indiana, on February 9, 10, and 11, 1956, where the Society was the guest of 
the University of Indiana School of Medicine. Preceding the official meeting, Dr. Harris 
Shumacker, Jr., and his staff informally welcomed members of the Society and arranged 
an interesting operative demonstration at the Medical Center Hospitals. 

On Thursday morning, February 9, members and guests assembled at the Veterans 
Administration Hospital auditorium in the Medical Center, where weleoming remarks were 
extended by Dr. Harris Shumacker, Jr., Professor and Chairman of the Department of 
Surgery, who was the official host. Dr. Herman B. Wells, President of the University of 
Indiana, and Dr. John D. Van Nuys, Dean of the Medical School, and Mr, James Carr, 
representing the James Whitcomb Riley Memorial Association, then described the various 
hospitals comprising the new Medical Center. Of particular interest was their description 
of the novel method of financing this State University Medical School, which now obtains 


a very substantial share of financial support from private funds. It was pointed out that 
such an institution in actuality stands midway between a private medical school and a 
state school in the accepted sense of the term. 

With Dr. Shumacker presiding the following scientific program was presented by 
the staff of the Indiana University Medical School: 


1. Bronchiectasis in Children—Dr. J. Stanley Battersby. 

2. Alcohol Preserved Heterografts in Aortic Replacement—Dr. D. M. Emerson, 
Dr. H. B. Shumacker, Jr., Dr. P. Grice, Dr. T. C. Moore, Dr. A. Riberi, 
Dr. H. Kajikuri, and Dr. R. W. Rodriguez. 

. Pathology of the Spleen in Hypersplenism—Dr. Olin K. Wiland and Dr. 
Edward B. Smith. 

. Arterial Embolism—Dr. Herbert 8. Jacobson and Dr. H. B, Shumacker, Jr. 

5. Urologic Complications of Imperforate Anus—Dr. Robert A. Garrett. 

. Coronary and Carotid Artery Perfusion in the Hypothermie Dog During 
Caval Occlusion—Dr. A. Riberi, Dr. P. Grice, Dr. R. W. Rodriguez, Dr. H. 
Kajikuri, and Dr. H. B. Shumacker, Jr. 

. Congenital Intrinsic Duodenal Obstruection—Dr. Thomas C. Moore. 

. Experimental Observations Relating to Coronary Artery Occlusion—Dr. H. 
Siderys, Dr. P. Grice, Dr. H. B. Shumacker, Jr., Dr. A. Riberi, Dr. H. Kaji- 
kuri, and Dr. R. W. Rodriguez. 

. Experimental Studies With a Pump Oxygenator—Dr. H. King, Dr. H. Kaji- 
kuri, Dr. R. W. Rodriguez, Dr. R. D. Boone, and Dr. A. Kunkler. 

. Observations on Gas Exchange in Cyanotic Heart Disease With Instantaneous 
Techniques—Dr. Paul R. Lurie. 

. Experimental Production of Pulmonary and Aortic Valvular Stenosis Under 
Hypothermia—Dr. P. Grice, Dr. A. Riberi, and Dr. H. Siderys. 
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ly, 
12. Evaluation of Late Results of Sympathectomy for Hypertension—Dr. W. E. 
Coggeshall, Dr. G. Lukemeyer, and Dr. H. Soper. 
Luncheon was served at the near-by Student Union and Food Service Building. Dh: 
J. Stanley Battersby presided at the afternoon scientific session. The program was a 
follows: 
1. Experimental Hypothermia in Open Cardiac Surgery (Motion Picture 
Dr. Angelo Riberi. 
2. Experiences With Small Caliber Arterial Homografts in Dogs—Dr. T. C. 
Moore, Dr. A. Riberi, Dr. H. Kajikuri, and Dr. P. Grice. 
3. Enzyme Therapy in Tuberculous Meningitis—Dr. Dwain N. Walcher an 
Arthur Dwyer. 
. Surgery for Mitral Stenosis—Dr. H. King and Dr. H. B. Shumacker, Jr. 
5. Laboratory Studies on Bone Grafts Using Supravital Staining—Dr. Charles F. 
Gregory. 
6. Virus Induced Tumors—Dr. Edward W. Shrigley and Dr. Emil 
7. Right Colon Transplants for Esophageal Replacement or By-Pass—Dr. J. 
Stanley Battersby. 
8. The Management of Bleeding Peptic Ulcers—Dr, Joseph C. Finneran. 
9. Experimental Studies on Spinal Cord Regeneration—Dr. L. W. Freeman. 
10. Chronie Massive Pericardial Effusion—Dr. Jackson Harris. 
11. Malignant Soft Tissue Tumors of the Head and Neck in Infaney and ¢ 
hood—Dr. Frank Vellios. 
12. Tour of the Laboratories. 
The scientific programs presented by the members of 


Sanders. 


the Societv on Februarv 10 


and 11 are published in this issue of SURGERY. 





Calendar of Surgical Meetings 


THE AMERICAN ACADEMY OF NEUROLOGICAL SURGERY. Annual Meeting, Nov. 1-3, 1956, Camel 
Back Inn, Phoenix, Ariz. Secretary, Eben Alexander, Jr., M.D., Bowman Gray School 
of Medicine, Winston-Salem, N. C. 


Annual Meeting, Oct. 4-6, 1956, The 


AMERICAN ASSOCIATION FOR THE SURGERY OF TRAUMA. 
Secretary, James 


Biltmore, Santa Barbara, Calif. Deadline for papers, July 1, 1956. 
K. Stack, M.D., 700 N. Michigan Ave., Chieago 11, Ill. 


AMERICAN COLLEGE OF SuRGEONS. Clinical Congress, Oct. 8-12, Civie Auditorium, San 
Francisco, Calif. Secretary of the College, Michael L. Mason, M.D., 154 E. Erie St., 
Chicago 11, Il. 


AMERICAN MEDICAL ASSOCIATION. Clinical Session, Nov. 27-30, 1956, Civie Auditorium, Seattle, 
Wash. Deadline for pavers, Aug. 1, 1956. Secretary, Council on Scientifie Assembly, 
A. M. A., 535 N. Dearborn St., Chieago 10, Tl. 

LATIN AMERICAN CHAPTER OF INTERNATIONAL SOCIETY OF ANGIOLOGY. Third Meeting, Nov. 
8-11, 1956, Havana, Cuba. President, Armando Niijiez Nijiez, Calle 25 No, 510, Vedado, 

Havana, Cuba, 


New ENGLAND SurGicaL Society. Annual Meeting, Oct. 5 and 6, 1956, Poland Springs 
House, Poland Springs, Maine. Deadline for papers, June 1, 1956. Secretary, Richard 
Warren, M.D., Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston 15, Mass. 


SOUTHERN SurGIcaL ASSOCIATION. Annual Meeting, Dec. 4-6, 1956, the Boca Raton Club and 
Hotel, Boca Raton, Fla. Deadline for papers, Sept. 20, 1956. Secretary, George G. 
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